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ABSTRACT
Coastal erosion and wetland deterioration are serious and widespread
problems affecting Louisiana’s coastal zone. The application of agronomic and
molecular techniques for improving crop species is well documented. However,
these have not been routinely applied to species of ecological and environmental
value. Spartina alterniflora is used extensively for shoreline protection and tidal
marsh restoration because of its aggressive spreading habit and tolerance to
salinity. The progress of marsh revegetation projects is limited by the costs and
labor associated with vegetative propagation of Spartina. Hence, a breeding
program was initiated to develop improved smooth cordgrass accessions with
superior seed producing ability to accelerate coastal restoration projects by
developing a seed-based propagation. The objectives were to: 1) evaluate the
variation among the accessions collected from South Louisiana S. alterniflora
native populations, and characterize accessions selected for use in genetic
improvement; and 2) assess variability at the molecular level among selected
plants used to establish a breeding program,.
One hundred twenty-six accessions of S. alterniflora were collected
across South Louisiana in 1998. The accessions were characterized for
location, date of collection, seed weight, and percent germination. Biplot and
cluster analysis were used to analyze patterns of variation among accessions
and locations. Vegetative and reproductive traits were evaluated during the
growing seasons. Significant differences occurred among accessions for traits
measured during vegetative stage and days to first panicle emergence. Date of

xii

collection contributed to overall variation among accessions, reflecting
differences in maturity at the time of collection. Vegetative growth and differences
in rust reaction allowed characterization of S. alterniflora accessions. Positive
correlations were observed among vegetative traits, and negative correlations
between those traits and rust reaction. Seven superior genotypes were selected
for future population improvement. To assess genetic diversity within and
between superior accessions, molecular and phenotypic characterizations were
used to compare 40 selected genotypes, which were subjected to DNA
fingerprinting using RAPD and AFLP. Cluster analysis results revealed
considerable natural variation among the original collections for traits contributing
to plant establishment from seed. The differences in clustering pattern
demonstrate the usefulness of molecular markers in assessing genetic diversity
more accurately.
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CHAPTER 1
INTRODUCTION

1.1 Background of the Study
Wetlands are defined by the U.S. Army Corps of Engineers and the U.S.
Environmental Protection Agency as “areas that are inundated or saturated by
surface or groundwater at a frequency and duration sufficient to support, and
under normal circumstances do support, a prevalence of vegetation typically
adapted to life in saturated soils”. The 48 mainland states of the United States
have approximately 4,168,410 sq. km. of wetlands, reduced more than 53% from
the 8,943,870 sq. km. estimated during the colonial times (LSU Agricultural
Center, 1995). Wetlands reduction has occurred due to expanding population
and growing need for food, fiber and housing. Louisiana has 14,164.5 sq. km. of
coastal wetlands, currently accounting for more than 40% of the salt marsh in the
contiguous United States. These coastal wetlands are more productive than
many intensely used agricultural lands. However, coastal wetlands have
experienced catastrophic losses due to development activities and soil erosion.
Louisiana accounts for 80% of the nation’s coastal land loss at rates ranging
between 65 to 91 sq.km per year
(Http://www.savelawtlands.org/olesite/newaffects.html). Continued losses of
Louisiana’s coastal wetlands will deprive Louisiana, the Gulf Coast Basin, and
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the nation as a whole, of vitally important fish, wildlife, and other wetland-related
economic and environmental benefits.
The primary goal of the project “Biological approaches to coastal wetlands
restoration”, undertaken by LSU Agricultural Center and USDA-NRCS, is to
improve the utilization of Spartina alterniflora as a means of restoring and
preserving coastal marshland in Louisiana. The project involves collection and
characterization of native populations of S. alterniflora from south Louisiana,
investigation of reproductive biology, and development of a breeding program to
produce lines with improved seed set and vegetative characteristics.
S. alterniflora, commonly known as smooth cordgrass, or saltwater
cordgrass, is a perennial grass native to the Atlantic and Gulf Coast of North
America and dominates the salt marsh community in tidal wetlands along the
Atlantic seaboard and Gulf Coast. Spartina is geographically centered along the
east coast of North and South America, with outliers on the west coast of North
America, Europe, and Africa (Partridge, 1987). Members of the genus occur
primarily in wetlands, especially estuaries (Partridge, 1987). S. alterniflora is
native to the Atlantic and Gulf coasts of North America, occurring from Quebec
and Newfoundland to Florida and Texas (Hitchcock,1971). In its native range, S.
alterniflora forms dense single species stands along the seaward edge of
marshes (Metcalfe et al., 1986). It has been both intentionally and accidentally
introduced to numerous other regions of the world, including Great Britain and
the Atlantic coast of Europe, New Zealand, and the Pacific coast of the United
States (Marchant, 1970; Hitchcock, 1971; Partridge, 1987).
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S. alterniflora is a rhizomatous perennial grass species. The stems are
hollow and hairless. The leaf blades are 63 to 152 mm wide. The leaves lack
auricles and have ligules that consist of a fringe of hairs. The flowers are
inconspicuous and are borne in greatly congested spikes, 5.08 to 7.62 cm long
(Hitchcock et al., 1969). In its native range, S. alterniflora exhibits varying growth
forms in different salt marsh zones. A tall form occurs along creek banks and
drainage channels and, landward of the tall form, an intermediate form occurs,
which grades into a stunted form at the marsh interior (Smart, 1982).
In its native habitat, S. alterniflora is a valued species (Simenstad and
Thom, 1995; Landin, 1991) and is highly productive, exporting approximately
1300 g/m2 of sediment accumulation annually to the estuarine system (Landin,
1991). S. alterniflora is also highly regarded for erosion control, as well as for its
fish and wildlife value in its native range (Simenstad and Thom, 1995). In these
native habitats, some waterfowl and wetland mammals eat the roots and shoots
of this plant. In addition, stands of S. alterniflora can serve as a nursery area for
mangroves, and estuarine fish and shellfish. S. alterniflora is palatable to
livestock and its continued spread may increase available pasture (Ebasco
Environmental, 1993).
Spartina species are among the few salt marsh plants that have been
introduced outside of their native range for erosion control and estuary
reclamation due to their ability to trap sediment, colonize open areas, stabilize
eroding shorelines, and reclaim land (Partridge, 1987). Due to its vigorous
spreading ability and strong underground rhizome growth, S. alterniflora has
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been particularly useful for preventing soil erosion and restoring wetlands along
coastal areas. While S. anglica (common cordgrass) has been used more
commonly for this purpose, S. alterniflora has been planted in some areas, such
as the North Island of New Zealand (Partridge, 1987) because of its excellent
ability to trap sediment. On the East and Gulf coasts, where S. alterniflora is a
major component of salt marsh vegetation, sediment accretion rates can be as
high as 13 mm per year, with higher stem densities resulting in higher sediment
deposition rates and steeper beach profiles (Simenstad and Thom, 1995;
Gleason et al., 1979). Where S. alterniflora has been introduced to San
Francisco Bay, sediment accretion rates have been estimated at 1 to 13 mm per
year (Callaway, 1990; Josselyn et al., 1993 c.f. Simenstad and Thom, 1995). In
some areas, there are growing concerns about the negative impacts of S.
alterniflora invasion including degradation of wildlife habitat, threat to
aquaculture, loss of native plant communities, sedimentation, loss of property
values, wrack deposition, and effects on insect populations (Aberle, 1990). The
species can tolerate a wide range of environmental conditions, including
inundation up to 12 hours a day, pH levels from 4.5 to 8.5, and salinity from 10 to
60 ppt, although 10-20 ppt is optimal (Landin, 1991).
Spartina alterniflora is a rhizomatous perennial, which, under favorable
conditions, can reach sexual maturity in three to four months (Smart, 1982).
Mature plants produce seed in the fall and subsequent seed germination rates
are variable. Callaway and Josselyn (1992) found that roughly 37% of seeds
collected in San Francisco Bay germinated, while Sayce (1988) found only a
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0.04% germination rate for seeds collected in Willapa Bay. While seeds are
important for colonizing new areas, they appear to be unimportant in maintaining
established stands.
Studies in Rhode Island suggest that S. alterniflora seedlings are unable
to survive under adult canopy, and seedling success increases with the size of
bare ground available for colonization (Metcalfe et al., 1986). Therefore, the
expansion of established stands is due primarily to vegetative growth. In some
areas, S. alterniflora has demonstrated the ability to rapidly colonize bare areas
due to a high intrinsic growth rate and rapid propagation of stems via rhizomes
(Smart, 1982). Estimates of lateral growth taken in Washington indicate that
clones expand at approximately 0.5 to 1.7 m/yr (Thom, 1992; Riggs, 1992;
Simenstad and Thom, 1995; Sayce, 1988).
Although S. alterniflora can spread by seed, rhizome, or vegetative
fragmentation (Daehler and Strong, 1994), the plant does not produce seed in
several areas where it has been introduced. No flowers were observed in New
Zealand or in Padilla Bay, for almost 50 years after its introduction (Partridge
1987; Kunz and Martz, 1993; Riggs, 1992; Scheffer, 1945). Padilla and Willapa
Bays are located along the Pacific Northwest coast of the U.S. In Willapa Bay,
the plant flowers from July to October, with seed set beginning in early
September (Sayce and Mumford, 1990). The species is protogynous, meaning
that female flowers mature before male flowers (Bertness and Shumway, 1992).
This strategy helps ensure outcrossing and experiments in San Francisco Bay
indicated that self-pollinated seeds fail to germinate (Daehler and Strong, 1994).
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Rapid vegetative spread by rhizomes, associated with tolerance to a wide
range of salinity, makes S. alterniflora an ideal plant for coastal wetlands
stabilization. However, the high cost of vegetative establishment of this species
has limited its use for rapid stabilization and restoration of disturbed wetland
areas.
Two S. alterniflora cultivars, ‘Vermilion’ and ‘Bayshore’, have been
released by the Natural Resources Conservation Service Plant Material Program
(http://plants.usda.gov). ‘Vermilion’ was released in 1989 for use in the Gulf of
Mexico and it has been used extensively in Louisiana for wetland restoration
projects. ‘Bayshore’, released in 1992 for use on the Atlantic Coast, was selected
for release because of its consistently good rhizome production and spread and
its ability to survive while submerged under water for long periods during the
establishment year. Both of these cultivars are single plant selections that have
been increased by clonal propagation. Although these cultivars are capable of
some seed production, all commercial propagation is vegetative (Hamer et al.,
1994). Continued vegetative propagation of these single genotype cultivars is
not only time consuming and expensive but may also lead to reduced genetic
diversity.
1.2 Objectives of the Study
A plant improvement program has been initiated in Louisiana to develop
genetically diverse smooth cordgrass populations with superior seed production
and vegetative characteristics. Seed produced from these superior populations

6

will be used to accelerate coastal restoration projects by using seed-based
establishment methods.
The objectives for this thesis research were:
1. To characterize smooth cordgrass germplasm collected from South Louisiana
native populations,
1.1 Evaluate trait variation and diversity among the collection.
1.2 Characterize accessions for reproductive and vegetative traits.
1.3 Identify superior genotypes for population development.
2. To assess variability at the molecular level among selected genotypes used to
develop improved populations,
2.1 To explore potential associations between similarity patterns using
morphological and molecular data from selected genotypes.
1.3 References
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CHAPTER 2
LITERATURE REVIEW

2.1 Coastal Wetlands
Wetlands are highly productive ecosystems with many important functions
and values, including water quality improvement, floodwater storage, aesthetics,
and biological productivity (U.S. Environmental Protection Agency- EPA.
http://www.epa.gov/owow/wetlands/). Wetlands provide important fish and
wildlife habitat, and support hunting, fishing, and other recreational activities.
Wetlands are areas where water covers the soil, or is present at or near the
surface of the soil, all year or for varying periods of time during the year,
including during the growing season. The U.S. Army Corps of Engineers defines
wetlands as “areas that are inundated or saturated by surface or groundwater at
a frequency and duration sufficient to support, and under normal circumstances
do support, a prevalence of vegetation typically adapted to life in saturated soils”
(Cowardin, December 1979, EPA Regulations listed at 40 CFR 230.3(t)
http://www.epa.gov/owow/wetlands/ and http://agen521.www.ecn.purdue.edu/
AGEN521/epadir/wetlands/definitions.html). Wetlands include marshes,
swamps, bogs, and similar areas found in generally flat vegetated areas,
between dry land and water along the edges of streams, rivers, lakes, and
coastlines. Marshes are usually found along the coastal areas.
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During the colonial times, the estimated area of wetlands in the U.S. was
about 8,943,870 sq. km. Almost 53% of U.S. wetlands have been lost due to
human and natural causes (LSU Agricultural Center, 1995) and currently; there is
only about 4,168,410 sq. km. of this area remaining. Louisiana has the highest
coastal loss rate in the entire United States 65 to 91 square kilometers of
wetlands is lost each year (http://www.savelawtlands.org.).
2.1.1 Coastal Wetland Losses
Coastal wetlands are among those wetlands not specifically associated
with agricultural activities. At present, Louisiana has 14,165 sq. km. of coastal
wetlands, which accounts for more than 40% of the coastal wetlands in the
United States. These coastal wetlands are more productive than many intensely
used agricultural lands. However, a considerable amount of coastal wetlands
have been lost due to development activities and soil erosion. Louisiana
accounts for 80% of the nation’s coastal land loss at rates ranging from 65 to 91
sq. km. per year. By the year 2050 Louisiana is expected to lose another
2132.769 sq. km. of coastal wetlands (http://www.savelawtlands.org/olesite/
newaffects.html).
Continued loss of Louisiana’s coastal wetlands will deprive Louisiana, the
Gulf Coast Basin, and the nation as a whole, of irreplaceable fish, wildlife, and
other wetland-related economic and environmental benefits.
2.1.2 Coastal Wetland Restoration
Under natural conditions, recovery of marshes after natural or human
disturbance is usually slow. Significant efforts have been made to accelerate the
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natural process of marshland recovery following such disturbances, to slow or
halt erosion of coastal wetlands, and to restore lost natural wetlands. One
effective way to minimize soil erosion is banking the shorelines. This process
results in immediate improvement of marshes after natural or human disturbance
but it is expensive and requires continuous maintenance after the banks have
been built (Lugo and Brinson, 1979). Replanting vegetation is a better way of
restoring coastal wetland because it can accelerate marsh restoration, greatly
reduces expense, and is more stable than banking (Woodhouse et al., 1976;
Broome et al., 1981). Successful marsh restoration by vegetation depends on
site selection and plant management. Broome et al. (1988) indicated that two
factors greatly influencing marsh restoration are (1) marsh slope and (2) salinity
variation of estuaries. In regard to marsh slope, the more gentle the slope the
more area on which marsh can be established. Slopes of 1-3% are normally
sufficient for good surface drainage to prevent ponding and subsequent
increases in salinity due to evaporation. Substrate salinities of more than 45 ppt
(parts per thousand) may prevent establishment of important species, such as S.
alterniflora along the eastern coast of U.S. while transplants of other plants such
as Puccinellia maritime (Huds.) Parl. may survive.
Along the east coast of the U.S., S. alterniflora is the dominant vegetation
and is the principal species used in marsh re-establishment projects (Woodhouse
et al., 1974, 1976; Garbish et al., 1975). It has also been used effectively to
stabilize shorelines along the Gulf Coasts (Dodd and Webb, 1975). Although S.
alterniflora salt marshes are a valuable natural resource, protection and
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preservation of these wetlands has largely been ignored. In the past, large areas
of S. alterniflora were destroyed by human activities (Woodhouse et al., 1972).
Given the current rate of coastal marsh decline, it is imperative that the
morphological and biological characteristics of S. alterniflora be understood in
order to develop a program that can successfully produce plant materials for
rapid multiplication, establishment, and restoration of these vital coastal
wetlands.
2.2 Biological Study, Spartina alterniflora
2.2.1 Description
S. alterniflora, commonly known as smooth cordgrass, is a perennial grass
native to the Atlantic and Gulf Coast of North America and dominates the salt
marsh community in tidal wetlands along the Atlantic seaboard and Gulf Coast.
S. alterniflora is the most important species in seaside habitats, covering large
areas of the high salt marshes, especially at the edges of saltpans. Flooded tidal
salt marshes colonized by S. alterniflora are valuable natural resources that can
reduce shoreline erosion. In its native range, S. alterniflora typically dominates
high salt marshes (Bertness 1991), growing from 0.7 m below mean sea level to
approximately mean high water (Landin, 1991). In Willapa Bay, located on the
Pacific Northwest coast of the U.S., the plants have been observed growing
between 1.8 and 2.8 m above mean lower low water (MLLW), and transplants
have been known to survive within 1.0 m above MLLW (Sayce, 1988). S.
alterniflora occurs both on the periphery of Willapa Bay and up some of the
rivers, within areas of saline tidal influence (Kunz and Martz, 1993). S. alterniflora
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spreads in mid to high tide levels in salt and brackish marshes and is of major
ecological importance as a habitat for fish, birds, mammals, and invertebrates.
These areas are important nursery grounds and sources of nutrients for aquatic
organisms (Odum and Skjei, 1974). Coastal marshes provide food and habitat for
wildlife, serve as a buffer against storm tides, and assimilate excess nutrients
from pollutants such as sewage and agricultural drainage (Lugo and Brinson,
1979). They are the primary producer of organic matter for coastal food chains.
In some areas, S. alterniflora may be only 40 cm tall including the
inflorescence. The species colonizes primarily by vegetation when pieces of its
roots, stems or of whole plants, float into an appropriate area and become
established. Seeds that float into an area and germinate also contribute to
spread of the species. Once plants are established, they spread vegetatively
and form circular-shaped clumps of individual clones. Gradually, circle diameter
increases in each growing season as new rhizomes grow along the outer edge.
Over time, a hollow core (ring shape) develops within these circular shaped
clumps because the old part of the plant, the center, begins to senesce and die.
These clonal groups can be tall and prominent in open mudflats. Spreading
clones often will eventually grow into each other and form a dense single-species
area.
The value in coastal erosion control of S. alterniflora can be attributed to
its tall and dense canopy, high rate of spread, and ability to colonize low intertidal regions. S. alterniflora has been used for preventing soil erosion and
restoring wetlands along coastal areas due to its vigorous spreading ability and
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strong underground rhizome growth; and ability to colonize open areas, stabilize
eroding shorelines, and accelerate land reclamation.
S. alterniflora is defined as a facultative halophyte, meaning that it can
tolerate a broad range of salinities from ocean concentrations to fresh water.
Crystals of salt can be seen on the leaves during the growing season. S.
alterniflora seeds germinate best in fresh water and a decline in germination rate
occurs as salinity increases (Mooring et al., 1971). The species can tolerate a
wide range of environmental conditions, and salinity from 10 to 60 ppt, although
10-20 ppt is optimal (Landin, 1991). A study by the South Carolina Department
of Natural Resources found that S. alterniflora growth was negatively correlated
with salinity. The maximum growth rate occurred at salinities of 20 ppt or less,
and the upper limit for salt tolerance was 60 ppt. Marshes with soil salinities
above 75 ppt were not likely to have stands of S. alterniflora. The height of S.
alterniflora was also inversely related to salinity level. S. alterniflora reached a
maximum height of 3.0 m along creek and riverbanks where soil salinity level
was lowest. The average height of the species decreased from 1.0 m on the
levee to a height of less than 0.5 m at the upper reaches of the salt marsh where
the soil salinity level was highest (http://www.csc.noaa.gov).
The rapid spread and colonization of S. alterniflora after establishment
has led to concerns about the negative impacts of smooth cordgrass, especially
in regions where it has been introduced and is now considered an invasive
species. Some of the negative impacts of smooth cordgrass invasion along the
Pacific Coast of United States have been degradation of indigenous wildlife
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habitat, threat to aquaculture, loss of native plant communities, sedimentation,
loss of property values, and effects on insect populations (Aberle, 1993). S.
alterniflora was placed on the noxious weed list of Washington and Oregon
States in 1989 and 1990, respectively. In addition, California does not
recommend it for further introductions or for use in salt marsh restoration
projects. However, along the Atlantic and Gulf coasts, where S. alterniflora is an
indigenous species, it is still the most important species for soil erosion control
and wetland restoration.
To understand the development of S. alterniflora within a region it is
important to know the ecology, taxonomy, reproductive biology, genetics, and
physiology of the species. This knowledge will assist in decision-making for
germplasm collection and preservation, and plant improvement of this species.
In regions where S. alterniflora is a powerful invasive species, studies have been
carried out on its reproductive mechanism to better understand how this species
hybridizes with the native species and colonize new areas. Much of this
knowledge can be applied to regions where rapid colonization is desirable.
2.2.2 Genus Spartina
S. alterniflora belongs to the genus Spartina, in the Poaceae family.
Spartina is a relatively small genus consisting of approximately 14 species (Table
2.1). Mobberley, (1956) and Partridge (1987) reported that Spartina is
geographically centered along the east coast of North and South America, with
smaller populations found on the west coast of North America, Africa and
Europe. Spartina species are salt tolerant perennial rhizomatous wetland grasses

16

that can be found primarily in wetlands, especially estuaries, but will also
establish in internal freshwater habitats (Mobberley, 1956; Partridge 1987). In
North America, S. alterniflora has two major growth forms in flooded marsh,
namely “tall form” and “short form”. The tall form has a height of greater than 45
cm and the short form has a height of less than 45 cm (Valiela et al., 1978).
Table 2.1. Species of the genus Spartina (Mobberley, 1956, Partridge 1987).
Genus Sps

Common name

Spartina alterniflora

Smooth cordgrass

Spartina anglica

Common cordgrass

Spartina arundinacea

Tussack cordgrass

Spartina bakeri

Sand cordgrass

Spartina caespitosa
Spartina ciliata
Spartina densiflora

Dense flower cordgrass

Spartina foliosa

California cordgrass

Spartina marítima

Small cordgrass

Spartina patens

Salt meadow cordgrass

Spartina pectinata

Fresh water cordgrass

Spartina spartinae

Gulf cordgrass

Spartina townsendii
Alcali cordgrass

Spartina gracilis
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2.2.3 Biological Characteristic of Spartina alterniflora
2.2.3.1 Cytogenetics
The chromosome number and the ploidy level are not widely researched.
Church (1940) investigated chromosome numbers and reported the existence of
a high degree of polyploidy with chromosomes present in multiples of seven. It
was concluded that the basic number of chromosomes within this genus is
seven. Octoploids with 56 and the decaploids with 70 chromosomes have been
reported. Two levels of polyploidy within S. alterniflora were found to be
morphologically and ecologically distinct (Church, 1940). However, controversy
exists as to whether the tall and short forms of S. alterniflora differ genetically or
simply reflect differences in adaptation to the environment to which they are
exposed. The short form, S. alterniflora var. glabra (Muhl.), was characterized as
being octoploid (n=7) with 56 chromosomes and the tall form, S. alterniflora, var.
pilosa (Merr.), was characterized by being a more robust decaploid (n=7) with 70
chromosomes.
A cytological study of S. alterniflora populations in northeastern U.S.A.
and Canada conducted by Marchant (1970), excluded S. alterniflora from the
basic number of 10 and affirmed that both the short and tall forms have the same
chromosome number of 62. This is unusual with respect to the basic number of
x= 10 generally found in the genus. It is not known where the two additional
chromosomes in the complement of S. alterniflora originated but, relative to the
basic number observed in other species, it is possible that they represent a
tetrasomic condition.
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2.2.3.2 Physiological and Reproductive Characteristics
Spartina alterniflora expresses a wide range of morphological and
physiological variation within marsh areas. S. alterniflora plants have soft stems
and hairy sheath margins with flat leaf blades (Duncan and Duncan, 1987). The
leaves are about 40 cm long and 1.25 cm wide. Flowers are smooth, lack hairs,
and panicles are erect to arching. The panicles are usually 10 to 30 cm long with
5 to 30 spikes alternately arranged and appraised to main axis with 10 to 50
sessile spikelets along one side of the axis of each spike. Under favorable
conditions, S. alterniflora can reach sexual maturity in three to four months
(Smart, 1982).
S. alterniflora responds to short day length for plant growth and flowering
(Seneca and Broome,1972). Flowering occurs earlier under short-day than
under long-day conditions in 22-26 o C and 26-30 o C temperature conditions.
Also, Seneca (1974) found considerable morphological and physiological
variation among populations of S. alterniflora from the Atlantic and Gulf coasts.
Whereas Southern populations flowered later and exhibited a longer growing
period, they showed less sensitivity to changes in photoperiod than northern
populations.
Daehler and Strong (1994) investigated viable reproductive output among
invasive clones of S. alterniflora in the San Francisco Bay. They reported that
inflorescences of self-pollinated plants generally had lower seed set than
controls, and none of the self-pollinated seed were viable. They also reported
that spikelet viability was not a function of clone size but there was some genetic

19

control of spikelet viability shown by the uniformity of seed set that existed within
large clones.
Understanding the reproductive biology of S. alterniflora may increase the
utility of this species for marsh restoration. S. alterniflora flowers annually with
variable flowering dates throughout its geographic distribution (Mobberley, 1956
Eleuterius and Caldwelll, 1984). In Willapa Bay, the plant flowers from July to
October, with seed set beginning in early September (Sayce and Mumford,
1990). The species is protogynous, meaning that female flowers mature before
male flowers (Bertness and Shumway, 1992), and this strategy helps ensure
outcrossing. Since the S. alterniflora populations on the West Coast were
probably established from a relatively small number of genetic individuals,
variability in reproductive output among clones may be due to inbreeding
depression (Daehler and Strong, 1994).
Protogynous flowering in which stigmas exsert prior to anther dehiscence
is a common phenomenon among grass species. This process, during
pollination, allows anthers to dehisce pollen as neighboring stigmas are
becoming receptive and increases the probability of cross-pollination (Somers
and Grant, 1981; Daehler and Strong, 1994; Fang, 2002). Pollination
manipulations showed that S. alterniflora is outcrossing, but pollen supplements
did not increase seed set rates. Inflorescences in the self-pollinated treatment
generally had lower seed set than controls, and none of the self-pollinated seeds
were viable (Daehler and Strong, 1994). In S. alterniflora, shortly after the
inflorescence emerges from the sheath of the highest leaves, the stigmas exsert
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from the flowers, starting at the distal tip of the inflorescence and progressing
toward the base (Somers and Grant, 1981). Emerging stigmas are white. Anthers
produce abundant pollen of high fertility (Anttila et al., 1998) but usually do not
emerge until shortly after the stigmas of the same flower have turned brown and
presumably are no longer receptive. For this reason native species of S.
alterniflora may have a higher probability of crossing with other clones and
readily adapt to site-specific environments.
According to Mooring et al. (1971), seeds are set in the fall and
subsequently dispersed but remain dormant until early the next spring. The
phenomenon of dormancy can help seeds survive through a cold winter. Plyer
and Carrick (1993) studied seed dormancy in S. alterniflora and reported that
dormancy could be restored by abscisic acid. The results showed that the
dormancy mechanism is located in the scutellum and consists of at least two
sequential steps, and also involves a leachable chemical inhibitor.
In general, seed viability is low and seed only remain viable for
approximately one year (Mooring et al., 1971; Sayce, 1988). There are other
reports in the literature that S. alterniflora produces very few viable seed
(Chapman, 1960; Larimer, 1968) and that seed are not as important as rhizomes
in spread. According to Broome et al. (1974), the degree of seed development at
the time of harvest, as well as the environment in which the after-ripening
process occurs, probably influences viability of the seed.
While seed propagation is a significant method by which this species
moves into new areas, it appears to be relatively unimportant in maintaining
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established stands. Studies in Rhode Island suggest that S. alterniflora seedlings
are unable to survive under adult canopy, and seedling success increases with
the size of bare ground available for establishment (Metcalfe et al., 1986).
Therefore, the expansion of established stands is due primarily to vegetative
growth. In some areas, S. alterniflora has demonstrated the ability to rapidly
colonize bare areas due to a high intrinsic growth rate and rapid propagation of
stems via rhizomes (Smart, 1982).
The initial establishment of seedlings is very important in determining
which species will dominate at a new location. Seedling establishment rates are
determined by seed production, seed germination, and seedling survival. Broome
et al. (1974), concluded that seed could be successfully used to establish S
alterniflora but seed output of both native and introduced Spartina populations
has been found to be highly variable (Broome et al., 1974; Bertness et al., 1987;
Sayce, 1988; Callway and Josselyn, 1992). Seed production in S. alterniflora
marshes has also been found to be unpredictable across years (Hubbard, 1970;
Broome et al., 1974).
Spartina alterniflora can spread by seed, rhizome, or vegetative
fragmentation (Daehler and Strong, 1994). However, the plant does not produce
seed in several areas where it has been introduced. No flowers have been
observed in New Zealand or in Padilla Bay (Pacific Northwest coast of the U.S)
populations for almost 50 years after its introduction (Partridge, 1987; Kunz and
Martz, 1993; Riggs, 1992; Scheffer, 1945). Low soil temperature can delay or
suppress flowering and reduce seed production in Spartina. Since the waters of
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the Washington coast are cooler than those in the species’ native range,
temperature may be regulating flowering and seed set (Ebasco Environmental,
1992a).
Callway and Josselyn (1992) reported that seed production was very
erratic as evidenced by the variation in the number of seeds produced per flower,
ranging from 3% to 20% during a two year period of evaluation. A collection of
seed samples from more than 200 clones was made by Daehler and Strong
(1994). They observed germination rates ranging from 0% to 59%, indicating
substantial variation in reproductive output among clones. They reported that the
seed viability was not related to clone size. Clones located lower in the intertidal
region or far up a drainage slough had lower germination per spikelet, indicating
that clones in areas with lower genetic density may have lower spikelet viabilities.
Variable germination rates were also observed by Callaway and Josselyn (1992)
with roughly 37% of seeds collected in San Francisco Bay germinating. Sayce
(1988) found only a 0.04% germination rate for seeds collected in Willapa Bay.
Broome et al. (1974) reported that seedling success was variable with
some good results, but also some failures due to excessive deposition of
sediment or loss of seed by erosion. Based on these results they concluded that
seed should be dispersed evenly over an area to insure a good cover during the
growing season. Once seedlings become established, S alterniflora has the
ability to maintain a competitive advantage with other species due to superiority
of vegetative growth rate (Callway and Josselyn, 1992).
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2.3 Utilization of Molecular Markers in Genetic Diversity Analysis and
Germplasm Improvement
The use of DNA markers is widespread among plant geneticists because
of the substantial amount of useful information that can be gathered from these
markers. DNA markers are a popular tool for examining genetic diversity of
organisms and generating gene maps for tagging traits of interest for germplasm
conservation or genetic enhancement. In plant breeding, superior cultivars of
higher productivity can be selected by identifying quantitative traits loci (QTL)
manifested with DNA markers. These markers provide a linkage framework and
an estimate of similarity and difference among individuals (Stuber et.al., 1999).
Based upon the principles of marker-assisted systems, a gene or genes
conferring traits of interest are expected to link with sets of markers. Thus,
selection can be targeted to the molecular markers rather than for the trait itself
(Karp and Edwards, 1997).
2.3.1 Molecular Markers Systems
The polymerase chain reaction method, commonly call PCR, was
developed by Kary Mulis (Mullis and Faloona, 1987; Mullis et al, 1986). This
method was initially applied by researchers in human genetics to the analysis of
human genetic variation (Saiki et al., 1985). The PCR technique has
revolutionized the scientific community because of its unlimited number of
applications in molecular biology. The PCR technique is based on an in-vitro
method for the enzymatic synthesis of specific DNA sequences using two
oligonucleotide primers that can hybridize to the opposite strands and flank the
DNA region of interest. The discovery that polymerase chain reaction (PCR) can
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be used with an arbitrarily selected primer to amplify a specific set of distributed
loci in any genome laid the foundation for high output of genetic markers that can
be used for a variety of purposes (Welsh and McClelland, 1990; Williams et al.,
1990). Since arbitrarily primed PCR is easily done with small amounts of DNA
and without the requirement for clone banks or other forms of molecular
characterization of the species in question, many minor crop species, lacking
sufficient research investments, became amenable to genetic studies. In
addition, arbitrarily primed PCR does not normally require radioactive-labeled
nucleotides.
Arbitrarily primed PCR polymorphisms are based on mismatches in primer
binding sites or insertion/deletion events, and therefore usually result in the
presence or absence of an amplified product from a single locus (Williams et al.,
1990; Welsh and McClelland, 1990). This means the arbitrarily primed PCR
markers are usually dominant because individuals containing two copies of an
allele (homozygous with presence phenotype) cannot be distinguished from
individuals with one copy of the allele (heterozygous with presence phenotype).
The PCR process involves a series of repetitive cycles that leads to the specific
fragment being exponentially accumulated. The cycles involved are, template
denaturation, primer annealing, and extension of the annealed primers by the
DNA polymerase.
2.3.2 Types of DNA Markers
DNA Markers make use of the variation in nucleotide sequence of the
DNA to produce characteristic fingerprints or band patterns. The value of the
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DNA marker analysis is determined to a large extend by the technology that is
used to reveal DNA polymorphisms (Mazur and Tingey, 1995). The technology
available can be classified into two broad categories, biochemical markers and
DNA based markers.
2.3.2.1 Biochemical Markers
The term “biochemical markers” was first introduce by Markert and Moller
(1959) often referred to as allozyme or isozyme markers. They were the first to
describe the differing forms of bands that they were able to visualize with specific
enzyme stains. Isozymes are functionally similar forms of enzymes (Murphy et
al., 1990). Allozymes are different forms of the same enzyme resulting from
allelic variation (Crozier, 1993). Biochemical studies had considerably more
success distinguishing genotypes than previous studies using morphological
markers. However, the number of genetic markers provided by isozyme assays
was insufficient in many plant breeding applications (Tanksley, 1993).
2.3.2.2 DNA Based Markers
DNA Molecular markers are categorized into two basic techniques. The
two techniques are (1) hybridization-based methods or the non-PCR techniques,
and (2) arbitrarily-primed PCR and other PCR-based multi-loci profiling
techniques (Karp and Edwards, 1997).
2.3.2.2.1 Hybridization-based Techniques or the Non-PCR Techniques
Hybridization-based (non-PCR) techniques include restriction fragment
length polymorphism (RFLP), variable number of tandem repeats (VNTR), and
oligonucleotide fingerprinting.
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Fingerprinting is referred to as multi-locus DNA profiles detected by the
multi-locus hypervariable probes, which simultaneously score genotypes at
several loci without recognizing allelic relationship of individual DNA fragments.
Although genotyping is done by examining each of the loci individually, the
combined multi-locus profile sufficiently approximates individual DNA fingerprints
(Jeffreys et al., 1985).
2.3.2.2.2 Arbitrarily-primed PCR
In contrast to the previous techniques, the arbitrarily primed PCR and
other PCR-based multi-loci profiling techniques do not need probe hybridization.
With respect to the use of single arbitrary and semi-arbitrary primers, these
techniques do not commonly require sequence information from the genome but
methodically differ in fragment separation, detection, primer length and sequence
uses, and the stringency of PCR condition applied (Karp and Edwards, 1997).
Random Amplified Polymorphism DNA (RAPD) separates the amplified
product on agarose gels in the presence of ethidium bromide and is visible under
ultraviolet light. The RAPD technique is frequently used to detect polymorphisms
for taxonomic markers in population studies for a wide variety of organisms.
On the other hand, semi-arbitrary primers are used in selective restriction
fragment amplification (SRFA) or the amplified fragment length polymorphism
(AFLP). Vos et al. (1995) stated that the use of these primers is based upon the
restriction enzyme sites that are interspersed in the genome. Protocol includes
the restriction of DNA by the two restriction enzymes while the adaptors are
ligated. PCR is carried out with generic primers that include a common coding
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region corresponding to the adaptors and restriction site, and a unique region
that corresponds to selective bases. Many studies have utilized all of the above
marker systems.
2.3.3 Use of DNA-Markers
Molecular techniques have elucidated the complexity of life forms for
varying fields of practical application with reliability and precision (Mohammadi
and Prasanna, 2003). Many studies have revealed how different molecular
markers can be valuable to analyze the genetic diversity and find relationships
within and among populations (Stuber et al., 1999; Zhang et al., 2000; Hurtado et
al., 2002; Jasieniuk and Maxwell, 2001; Fajardo et al., 2002; McGregor et al.,
2002). Marker systems are successful in generating groupings of germplasm that
appear to be agronomically and biologically meaningful regardless of the
technique employed (Virk et al., 2000; Matus and Hayes, 2002, Beattie et al.,
2003).
Some of the important issues that interest plant breeders and ecologists
are genetic diversity, selection response, and dissection of quantitative trait
expression (Karp et al.,1996). Knowledge of genetic diversity and relationship
among genotypes is helpful to understand germplasm organization for more
efficient selection of better cultivars (Smith, 1988; Roldan-Ruiz et al., 2001). On
the other hand, understanding gene flow mechanisms, origin of individuals and
their role in a specific zone in a common habitat helps to define appropriate
geographical scales for monitoring and management of genetic diversity (Smith,
1988).
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2.3.3.1 Variety Identification or Fingerprinting
As initially conceived, PCR methods were required to target specific DNA
sequence information for the design of the amplification primers. Obtaining this
sequence information can be costly and time consuming. For this reason
Williams et al. (1990) developed a new DNA polymorphism assay called Random
Amplified Polymorphic DNA (RAPD). The principal difference between PCR and
RAPD is that a random oligonucleotide sequence is used as a primer and just
one primer is necessary in the RAPD method. The RAPD technique is being
widely used as a tool to detect DNA polymorphism and identify molecular
markers that are suited for taxonomic studies, variety identification, genetic
mapping and determination of genetic diversity in a variety of plant species.
Characterization of the specific genetic constitution of a variety or
accessions makes possible the detection of significant genetic differences.
Genetic relationships and diversity can be identified by RAPD markers. Studies
have shown that RAPD markers can be useful for taxonomic studies of
accessions of cultivated or wild crop species. RAPD analysis has been used to
detect polymorphisms on crops such as corn (Heun and Helentjaris, 1993) and
wheat (He et al, 1992).
Since the development of the RAPD technique (Williams et al., 1990) it
has been recognized as a more accessible technique than the current methods
being used, such as RFLPs, because it has a relatively low cost and requires
very small quantities of genomic DNA (Ragot and Hoisington, 1993; Russell et
al., 1997).
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Russell et al. (1997) found markers in cultivated plant species that have
been used for clarification of nomenclature, identification of herbarium
accessions or elucidation of genetic relationships. Other researches have studied
wild plants to determine the extent of genetic divergence in separated colonies
and to examine degree of hybridization in mixing populations (Daehler and
Strong, 1997). RAPD’s have also been used for determination of extent or age of
clones in diverse plant species of clonal growth habit (Stiller and Denton, 1995).
The AFLP method developed by Vos et al. (1995), combines the use of
restriction enzymes and PCR. In this technique, DNA is cut with restriction
enzymes and double stranded adaptors are ligated to the end of the DNA
fragments to produce template DNA for amplification. DNA digestion is
performed using enzyme combination of Eco RI and MSEI. A two-step
amplification strategy has been developed for fingerprinting of complex genomes.
The first step is pre-amplification of genomic DNA using primers with one
selective nucleotide. PCR products are used as templates for a second
amplification, this time, using primers with three selective nucleotides. This twostep amplification has proven to reduce background smears in the fingerprinting
(Zabeau and Vos, 1993,Vos et al., 1995)
AFLP has been used extensively for genetic fingerprinting and genetic
analysis (Tohme et al., 1996; Maughan et al., 1996; Breyne et al., 1999; Erschadi
et al., 2000) and is now one of the most frequently used molecular marker
technologies in research on modern crop improvement. AFLP has been also
used with molecular phylogeny (Kardolus et al., 1998) and cultivar identification
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in potatoes (McGregor et al., 2002) and sweet potatoes (Fajardo et al., 2002),
construction of linkage maps in different crops such as rice (Xu et al., 2000) and
Barley (Vaz Patto et al., 2003), and for marker saturation in rice (Maheswaran et
al., 1997), barley (Lahaye et al., 1998) and potatoes (Bendahmane et al., 1997).
2.3.3.2 Genetic Diversity
Genetic diversity is the sum of genetic information contained in the genes
of individual plants, animals, and microorganisms. Every individual contains an
enormous amount of unique information in the form of traits, characteristics,
varying behavior and interactions. While each species consists of many
organisms, generally no two members of the same species are genetically
identical (Jasieniuk and Maxwell, 2001).
Scientists have argued that the value of diversity is likely to be related to
the variety of different genes that can be expressed by organisms as potentially
helpful phenotypic traits or characters, including different morphological,
chemical features and functional behavior (Karp et al, 1996). Because it is not
known which genes or characters will be of value in the future, all genes should
be considered of equal value and that the maximum conservation value will come
from ensuring the persistence of as many different characters or genes as
possible (Jasieniuk and Maxwell, 2001).
One of the more broadly shared and economically defensible values for
conserving and analyzing diversity may be seen to lie in ensuring continued
possibilities both for adaptation and for future use by people in a changing and
uncertain world. Fingerprinting and genetic marking provide a vast abundance of
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information derived from DNA ideal for population studies and species
identification (Morgante and Olivieri, 1993). The characterization of marker
profiles provides reliable, direct and efficient strategies for assessing genetic
variation of germplasm. The success in genetic conservation efforts and breeding
programs depend on understanding the distribution and amount of genetic
diversity present in the gene pool. For conservation to be effective and
sustainable, utilization of the information on genetic diversity is desirable to
define appropriate measures for geographical management of this diversity.
Diversity questions then must be answered from the species level up to the
population and within population levels (Morgante and Olivieri, 1993). For
conservation, systematic, ecological and evolutionary studies, identification of
taxonomic units and uniqueness of species at species level is essential (Stiller
and Denton, 1995).
Karp and Edwards (1997) emphasized that fingerprinting is also useful for
establishing cultivar identity, breed or clonal identification, and for determining
how genetic variation is distributed within populations. In addition, it permits the
organization of germplasm of elite lines for more effective parental selection
because marker assisted selection facilitates the use of exotic germplasm in
breeding thus making diversity within the collection more structured and
accessible (Karp and Edwards, 1997).
RAPDs are generally dominant, as they indicate the presence or absence
of a particular site (Lynch and Milligan 1994), so marker genotypes can be
ambiguous with respect to the differentiation between homozygote and
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heterozygote loci. Ragot and Hoisington (1993) compared efficiency and costs of
RAPDs for different scales of genetic studies and concluded that RAPDs are
generally more time-cost effective in exploratory studies where a reduced
number of individuals have to be genotyped. The use of PCR markers allows
assaying several markers with DNA extracted from relatively small amounts of
tissue, and the use of a technical procedure very suitable for automation. RAPD
markers were the first PCR-based markers to be widely applied in gene mapping
and germplasm characterization. These markers are usually scored as presence
or absence of a specific fragment, and their abundance and easy detection make
them a useful tool for population analysis (Ragot and Hoisington, 1993).
According to Vos et al. (1995), AFLP has the property that the markers
can be used as both genetic and physical DNA markers allowing the integration
of genetic and physical maps. Advantages and disadvantages in AFLP
application have also been distinguished. Specific advantages include: 1. - AFLP
markers can be scored codominantly which makes this technique more suitable
for genetic mapping studies than in arbitrarily-primed PCR-based marker
techniques; 2. - no prior sequence knowledge is required when applied to
biodiversity studies, analysis of germplasm collections and genetic relationship;
3.- AFLP is very useful in positional cloning because high marker densities can
be obtained with modest efforts; 4.- AFLP markers can be detected in almost any
background or complexity allowing the use of AFLP to detect DNA markers both
in genomic DNA and in clones of genomic DNA. On the contrary, a number of
limitations of AFLP are presented: AFLP can not be used for comparative
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genome analysis which requires a hybridization-based probe because AFLP
fingerprints will share very few common fragments when sequence homology is
less than 90%. It has been shown that AFLP may not detect relationship at the
subspecies level.
2.3.4 Use of RAPDs and AFLPs as a Tool for Analysis of Genetic Diversity
in Spartina
Results of a 9-year study on the within-marsh growth forms of S.
alterniflora indicated that these growth forms have a genetic basis, either in the
basic coding information or regulatory mechanisms that is permanently set at an
early development stage (Gallagher et al., 1988). Genetic differences within S.
alterniflora among locations may provide enhanced opportunity for plant
improvement.
To assess the genetic variability in tall form S. alterniflora collected from
the Atlantic and Gulf coasts, O’Brien et al. (1999) used RAPD analysis and found
that the plants could be classified into three geographic areas (New England,
South Atlantic, and Gulf coast), closely approximating the three types defined by
Seneca (1974). Twenty-nine RAPD primers produced 300 scoreable
electrophoretic bands, of which 225 were polymorphic (75%). An unweighted
pair-group method, using an arithmetic average (UPGMA) phenogram based on
Jaccard's genetic distances, showed three clusters of plants: New England/New
Jersey, North Carolina/South Atlantic, and Gulf coast.
Ayres et al. (1999) investigated the spread of S. alterniflora and S. foliosa
x alterniflora hybrids in California and examined their degree of hybridization.
Using nuclear DNA markers diagnostic for each species, they detected the
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parental species and nine categories of hybrids. The California coast outside San
Francisco Bay contained only the native species. All hybrid categories exist in the
Bay, implying that several generations of crossing have occurred and that
hybridization is bi-directional. What is more, S. alterniflora had the ability to
greatly modify the estuary ecosystem to the detriment of other native species and
human uses of the Bay. To the extent that they share these engineering abilities,
the proliferation of cordgrass hybrids could grossly alter the character of the San
Francisco Bay.
Daehler and Strong (1997) identified the introgression and the spread of
hybrids as an additional, perhaps even more serious threat to conservation of S.
foliosa in San Francisco Bay. In this study, RAPD DNA specific to each Spartina
species were identified and used to test for hybridization between the native and
introduced Spartina species in the greenhouse and in the field. Greenhouse
crosses were made using S. alterniflora as the pollen donor and S. foliosa as the
maternal plant, and these crosses produced viable seed. The hybrid status of the
crossed offspring was confirmed with the RAPD markers. Hybrids had low selffertility but high fertility when backcrossed with S. foliosa pollen.
Random amplified polymorphic DNA analysis was assessed as a method
of DNA fingerprinting to analyze the genetic history and current structure of the
Willapa population of S. alterniflora. The results obtained by Stiller and Denton
(1995) suggested that all S. alterniflora clones in Willapa Bay are descended
from a single genet. Given the limited genetic variability expected in a clonally
founded population, the authors discussed the utility of RAPDs as genetic
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markers to explore the large morphological and reproductive differences reported
among Willapa clones. Cluster analysis of RAPD fragments was used to show
relatedness among S. alterniflora genets and may be helpful in locating the most
prolific clones for mitigation efforts. Overall, RAPDs show great potential in
genetic analysis of S. alterniflora, particularly in invasive populations where
isozyme variability is low or nonexistent.
Daehler et al. (1999) reported the discovery and spread of a dwarf
ecotype of S. alterniflora in San Francisco Bay. Relative to typical S. alterniflora,
this dwarf ecotype has one-fifth the tiller height, tenfold the tiller density, and is
restricted to growth in the upper intertidal zone. Chromosome counts of the
dwarfs are identical to typical smooth cordgrass (2n = 62), and smooth
cordgrass-specific random amplified DNA markers confirm the species identity of
the dwarf. Field collected clonal fragments of the dwarf grown for two years
under high-nutrient conditions maintained the dwarf syndrome, as did plants
grown from the seed of a dwarf. The ecological range of the dwarf smooth
cordgrass ecotype is similar to that of S. patens, a competitor on the Atlantic
coast.
Although the ALFP technique has not been applied to S. alterniflora
extensively , it has been widely used to assess the genetic diversity of crop
species such as Helianthus annuus (Hongtrakul et al., 1997), rice (Zhu et al.,
1998) sweet potatoes (Fajardo et al., 2002), and wild potatoes (McGregor et al.,
2002).

36

2.3.5 Methods for Analyzing Molecular Variation at the Population Level
Fingerprinting of plant genomes using arbitrarily primed PCR
polymorphisms has been done for a variety of systematic and population genetic
studies. Although discussions abound as to the appropriate manner to analyze
the data, this is due less to methodological constraints than to different
perceptions of how systematics, population genetics, and phylogenetic inference
are related and what are the appropriate ways to analyze the data.
Even when phylogenetic analysis is not conducted, fingerprinting data can
be used for systematic or classification purposes, parentage determination,
estimation of gene flow, and detection of genetic variation in natural populations.
These data will certainly have an impact on management, conservation, and
improvement of plant genetic resources worldwide. Analysis of arbitrarily primed
PCR fingerprints for systematic or classification purposes can be done using
similarity coefficients, since the general objective is to group similar germplasm.
For plant breeders, it is important to have information on genetic diversity
because such data can be used to determine the degree of relatedness of parent
materials, and therefore identify new crosses and genetic materials that should
be preserved in germplasm collections. This is clearly another important
application that arbitrarily primed PCR has filled; especially in crops that have
been classified exclusively by morphological or geographical attributes.
Excoffier et al. (1992) devised a framework for the study of molecular
variation within a single species. Information on DNA haplotype divergence was
incorporated into an analysis of variance format that was derived from a matrix of
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squared-distances among all pairs of haplotypes. The method is flexible enough
to accommodate several alternative input matrices, corresponding to different
types of molecular data, as well as different types of evolutionary assumptions,
without modifying the basic structure of the analysis.
Analysis of molecular variance (AMOVA) has been used to analyze
genetic diversity within tall form S. alterniflora along the Atlantic and Gulf coasts
of the United States, estimating how genetic variability is partitioned among
regions, areas, and individuals. The resulting variance components were highly
significant at all hierarchical levels for the sampling regime employed. O'Brien
and Freshwater (1999) found that the correlation between genetic and estimated
coastal geographic distance was positive and highly significant based on
Mantel's non-parametric test. Although direct gene flow among plants from
geographically separate areas is not probable due to differences in flowering
phenology, a total barrier to the exchange of genetic information is not likely.
Present data and results of previous studies suggest a genetic continuum for this
species rather than discrete, isolated populations.
Genetic relationships among and within populations of other wetland grass
species, like Phragmites australis (Cav.) were investigated by Keller (2000) using
the RAPD technique. Cluster analysis of resultant data grouped populations
geographically. It strongly separated the group of populations on the main stem
of the river from those on a tributary, the Muddy River, suggesting a different
source of propagules for these two population groups. Transects through large
stands of Phragmites showed changes with distance, in three out of four
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populations, indicating that stands consist of a few contiguous clonal individuals
or of several individuals intermixed. The preponderance of variation resides
among individuals within populations, implying that the populations are very
closely related. This would suggest either that populations have been established
primarily via vegetative propagules, or that the expansion of this plant's range
took place during a short time span.
2.3.5.1 Cluster Analysis and Dendrogram Construction
Cluster analysis is a collection of statistical methods that is used to assign
cases or individuals to groups based on certain properties that they have in
common. In biological research, it is common to classify individuals sharing a
particular character into the same group (Peeters and Martilli, 1989). Molecular
profiles have been used to generate clusters in various plant species (Cao and
Oard, 1997) after estimating their genetic distances. One approach to order
highly variable samples, such as germplasm collections, is using computer
algorithms developed in the field of statistics (Karp et al., 1996; Rincon et al.,
1996). For instance it is possible to generate genetic distance matrices using
three similarity matrices Nei and Li, Jaccard, and Excoffier (Excoffier et al., 1992)
to produce clusters. The three matrices for each set of data produced
dendrograms which did not differ more than slightly in their patterns of grouping
and relative distances. Because the coefficient of similarity alone is not enough to
express the relationships between the accessions in a germplasm collection, it is
necessary to do an analysis that uses the similarity coefficients to show the
relationships between the accessions in the collection. The cluster analysis
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synthesizes the information and forms groups based on the degree of similarity
giving a better idea of the relatedness structure of a germplasm collection
(Peeters and Martinelly, 1989, Mohammadi and Prasanna, 2003). Information of
relative genetic distance among individuals or populations is useful because
allows the organization of germplasm and provides information for a more
efficient sampling of genotypes.
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CHAPTER 3
FIELD EVALUATION AND SELECTION OF SUPERIOR SPARTINA
ALTERNIFLORA GERMPLASM
3.1 Introduction
The science of improving plant species, especially for desired traits or to
increase their range of adaptation, is well developed for domesticated plants.
These techniques have not been routinely applied to plant species of ecological
and environmental value. A plant species must establish quickly if it is to be
useful in stabilization and restoration of eroding coastal marshlands.
Characteristics that expedite establishment, such as seedling vigor, root mass,
fast spread, and tolerance to abiotic and biotic stresses are traits that can be
quantified and emphasized in a plant improvement program.
Spartina alterniflora, is an ideal plant for coastal wetland stabilization. It
spreads rapidly by rhizomes, and is tolerant to a wide range of salinity (Nestler,
1977; Hester et al., 1998), anoxic (Mendelssohn et al., 1981) and sulfidic soils
(Cambers et al., 1998). Because S. alterniflora exhibits poor seed production it is
necessary to vegetatively propagate and transport pots of this species to the
marsh for transplanting. Transplants are vigorous and survive well on exposed
sites and at lower elevations, but are very labor intensive compared to seeding.
The high cost of vegetative establishment of this species limits its potential for
use in rapid stabilization of large disturbed wetland areas. It was estimated that
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using seed required 10 person-hours ha-1 of S. alterniflora established compared
to about 150 person-hours ha-1 for transplanting sprigs or potted plants over one
ha on a 0.6 meter spacing using a mechanical auger to drill holes (Broome et al.,
1988). According to Croughan et al. (1998) it requires about twenty-five labor
hours for planting 4047 square meters (0.4047 hectares) of S. alterniflora. For
this reason, seed establishment could be an economical and effective method of
establishing S. alterniflora in salt marshes. Seeding is considered to be an
important method by which S. alterniflora colonizes new areas and seedling
establishment rates are important in determining which species move to a new
location. Seedling establishment rates are determined by seed production, seed
germination, and seedling survival.
S. alterniflora is a perennial salt marsh grass that spreads rapidly and
forms circular-shaped clumps of individual clones. Although S. alterniflora can
reproduce either vegetatively or by seed, seed production is often poor. In native
and introduced Spartina populations, seed output has been found to be variable
and S. alterniflora marshes have been noted for their unpredictable seed
production across years (Broome et al., 1974; Hubbard, 1970; Bertness et al.,
1987; Sayce, 1988; Callway and Josselyn, 1992). Spartina seed viability is
typically low and seeds only remain viable for about one year (Sayce, 1988;
Mooring et al., 1971; Chapman, 1960; Larimer, 1968; Daehler and Strong, 1994).
Establishment of a S. alterniflora breeding program requires collection and
evaluation of native germplasm from different locations to provide a germplasm
base. Accessions collected from natural environments possess many desirable
traits such as vigorous growth, disease resistance, and stress tolerance. Such
50

accessions constitute valuable and diverse genetic materials for a breeding
program.
Spartina alterniflora plant establishment from seed is highly dependent on
seed production and seed viability. Since, under natural conditions, Spartina
seed production is poor and erratic, routine establishment of Spartina from seed
will require improved seed set and seed quality. A population improvement
program, to enhance seed production and establishment traits, would begin by
collecting native S. alterniflora accessions. Because of the cross-pollinating
nature of S. alterniflora (Somers and Grant, 1981; Daehler and Strong, 1994;
Fang 2002), restricting selection to single plants may be difficult and of limited
utility in population improvement programs. One important short term breeding
objective for S. alterniflora is selection of adapted and genetically diverse plants
from native collections that have increased seed set, viability, and germination.
After collecting native accessions, data derived from trait evaluation trials of
these collections could be used to select a diverse array of superior genotypes.
These selections would then be available to incorporate into the long-term goals
of a genetic improvement program. Specifically, development of genetically
diverse populations with greater expression of traits, that contribute to their
usefulness in restoration and reclamation, such as seed production and viability,
vegetative vigor, and broad adaptation. Repeated cycles of recurrent selection
would increase the frequency of desired alleles and improve developed
populations while still maintaining genetic diversity.
The objectives of this study were to characterize smooth cordgrass
germplasm (Spartina alterniflora) collected from South Louisiana native
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populations, evaluate trait variation and diversity among the collection,
characterize accessions for reproductive and vegetative traits, and identify
superior genotypes of S. alterniflora for population development.
3.2 Materials and Methods
3.2.1 Evaluation and Selection
3.2.1.1 Source Population
One hundred and twenty-six S. alterniflora accessions were assembled
beginning in October of 1998. Most of these were collected across south
Louisiana in October and November. Panicles were harvested based upon visual
estimation of maturity. A group of plants with a similar phenotype from a small
geographic area was considered as a clonal group and collected as a single
accession. This collection included 126 native accessions (Appendix 3.1) from 11
parishes in Louisiana (Figure 3.1; Table 3.1). Approximately 100 panicles from
each accession were hand harvested, placed into plastic bags, and stored on ice
inside of a chest cooler. These were transported within a few days to a longer
term storage site. The accessions were further labeled and classified before
storage in a cold room (5 oC) for 8 weeks to allow 'after-ripening' and permit seed
to be easily removed from panicles. Seeds were threshed by hand from the
panicles of each accession during January 1999, and the total seed weight
recorded for each accession. Seeds were kept in plastic containers with salt
solution (0.4% NaCl and 0.05% Vitavax 200) and refrigerated at 4oC for an
additional 8 weeks. Vitavax 200 (GustafsonR), contains 17% carboxin and 17%
thiram and its application rate for grain seed treatment is 2.06-2.74 g/kg
(www.agsco-agdepot.com). Except for fungicide treatments, conditions were
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used to simulate the natural environment that the seed are exposed to during the
fall and winter.
3.2.1.2. Cycle 1 Evaluation and Selection
Germination tests were performed on all accessions in the spring of 1999.
Four hundred seeds were randomly chosen from each accession and placed on
germination papers (4 repetitions of 100 seeds each). Each paper was
moistened with water and fungicide, placed in a plastic bag, and maintained
under ambient laboratory conditions (25 oC and 24 hours light). The total number
of germinated seed were counted after 14 days. Based on the results of
germination data, seedling vigor, and the general condition of the seedlings, 20
accessions were selected for field evaluation. The selection criteria were those
accessions that were in the top 30% of all accessions for germination and
exhibited superior seedling survival and seedling vigor.
3.2.1.3 Cycle 2 Evaluation and Selection
Seedling from the selected accessions were grown at the green house in
72 cell Speedling® planter flats (Speedling, Inc., Sun City, FL). The flats were
filled with a mixture of Jiffy-Mix Plus (Jiffy Products of America), soil, and sand
(1:1:2) and maintained in fiberglass pans (376 cm x 150 cm x 7.5 cm), watered
with fresh tap water. The seedlings were evaluated for overall vigor and percent
seedling survival. Twenty germinated seedlings, from each of the 20 cycle 1
accessions, were selected based on seedling vigor (Table 3.2). These seedlings
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Sampled Parishes
Calcasieu
Cameron
Iberia
Jefferson
LaFourche
Orleans
Plaquemines
St. Bernard
St. Tammany
Terrebonne
Vermilion
Unsampled Parishes
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Figure 3.1. Map showing geographical distribution of Spartina alterniflora accessions collected across South Louisiana
during 1998.
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Table 3.1. Geographical distribution of Spartina alterniflora accessions collected across South Louisiana during 1998.
No. of
Parish

accessions

Latitude

Longitude

Calcasieu

15

30o3'17. 79"N~30 o13'9. 31"N

93o14'36. 11"W~93o22'6. 22"W

Cameron

36

29o37'49. 29"N~30o0'21. 43"N

92o45'50. 01"W~93o53'46. 34"W

Jefferson

11

29o11'22.79"N~29o38'39.51"N

89o58'34.21"W~90o5'36.30"W

Iberia

2

29o35'41.63"N~29o35'47.47"N

92o0'25.24"W~92o0'32.03"W

Lafourche

23

29o4'3. 79"N~29o30'20. 32"N

89o57'33. 06"W~90o23'48. 41"W

Orleans

2

30o1'26. 89"N~30o2'41. 24"N

89o44'10. 01"W~89o49'25. 23"W

Plaquemines

4

29o18'53. 43"N~29o34'40. 19"N

89o40'13. 70"W~89o54'20. 82"W

St. Bernard

6

29o44'23. 48"N~29o59'20. 73"N

89o28'20. 41"W~89o55'35. 97"W

St. Tammany

2

30o9'45. 10"N~30o10'23. 55"N

89o37'43. 37"W~89o40'25. 23"W

Terrebonne

15

29o3'12. 19"N~29o18'12. 98"N

90o28'43. 90"W~91o0'44. 81"W

Vermilion

10

29o33'55. 34"N~29o40'31. 53"N

92o2'23. 56"W~92o32'1. 01"W
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were transplanted to individual pots (20 x 18 cm) and maintained in the
greenhouse for 8 weeks. The pots were filled with the same potting mixture
previously described, maintained in fiberglass pans (376 cm x 150 cm x 7.5 cm)
and watered with fresh tap water in the greenhouse prior to transplanting in the
field. Insecticides, Pounce® (permethrin 38.4%) and Orthene® (acephate 96%),
were applied to the plants as needed.
After eight weeks of growth in the greenhouse these plants were
transplanted into the field (Ben Hur Farm, Baton Rouge). A 61 m x 61 m pond
with 60 cm high levees was built to carry out this experiment. Four hundred total
plants were transplanted in four replications of a randomized complete block
design with each replication consisting of 20 rows of five plants, one row from
each of the 20 accessions. Plants were transplanted to the field (Sharkey clay
soil; http://ortho.ftw.nrcs.usda.gov/cgi-bin/osd/osdname.cgi?-P) on October 5 and
6, 1999, and spaced 2.4 x 2.4 m. The field was maintained in a flooded condition
with occasional drainage for weed control and plot maintenance. RoundUp
herbicide (Glyphosate, N-(phosphonomethyl) glycine, in the form of its
isopropylamine salt, Monsanto) was used as needed to control weeds. Plant
height, growth, spread, disease reaction, and plant vigor data were collected
every 2 weeks during the growing season from February 23 to June 28, 2000.
Depending on the analysis, traits were reported for different originating
locations (averaging every accession from the same Parish) and for individual
accessions (averaging 20 plants from each accession). Height and spread
measures were reported in centimeters and centimeters2, respectively. Spread
was expressed as an estimation of the area covered by a plant at a particular
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date (values reported were for late March). Vigor, rust reaction (Puccinia sp),
and tiller density were scored on a 1-10 scale (where a '1' indicates no rust or
excellent tiller density and vigor, and a '10' indicates severe rust or poor tiller
density and vigor). Based on analysis of this data, 40 plants from 9 different
accessions were selected for cycle 3 evaluation.
Table 3.2. Spartina alterniflora accessions selected for field study
in 1999 based on germination test and seedling vigor.
Accession selected

Origin (Parish)

98NR7
98NR8

Lafourche
Lafourche

98NR19

Jefferson

98NR25
98NR26

Orleans
Lafourche

98NR27

Terrebonne

98NR30

Lafourche

98NR38

Vermilion

98NR47
98NR60

Cameron
Iberia

98NR61

Calcasieu

98NR70

Calcasieu

98NR71

Calcasieu

98NR72
98NR82

Calcasieu
Cameron

98NR86

Cameron

98NR98

Terrebonne

98NR99

Jefferson

98NR107
98NR109

Jefferson
Terrebonne

3.2.1.4 Cycle 3 Evaluation and Selection
Evaluation of cycle 3 plants was accomplished at two locations, the Ben
Hur Farm, Baton Rouge, LA, and Grande Terre Island, Grande Terre, LA. Soil
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types were Sharkey clay at Ben Hur and Scatlake at Grande Terre. The
experimental design was a randomized complete block at both locations. Forty
genotypes from nine different accessions were selected and clonally propagated
(Table 3.3). Clones were maintained in individual pots (20 x 18 cm) in the
greenhouse, as previously described, prior to transplanting to the field.
Table 3. 3. Spartina alterniflora accessions selected during 2000 at
Ben Hur Farm, Baton Rouge, LA.
Accession

Origin (Parish)

Plants selected

98NR7
98NR8

Lafourche
Lafourche

98NR7-8, -12, -14, -15, –16
98NR8-4, -5, -12, -13, -17

98NR26

Lafourche

98NR26-3, -4, -10, -13, -18

98NR27

Terrebonne

98NR27-2, -3, -13, -19, -20

98NR38

Vermilion

98NR38-4, -7, -9, -16

98NR47
98NR82

Cameron
Cameron

98NR47-4, -5, -14, -16, -18
98NR82-3, -6, -10, -19, -20

98NR99

Jefferson

98NR99-1, -2, -3, -4, -18

98NR109

Terrebonne

98NR109-11

A 66 m x 132 m pond with 60 cm high levees was constructed at Ben Hur
for this experiment. A total of eight-hundred clones were transplanted in four
replications; each replication consisting of five clones from each of the 40
selected genotypes. By establishing clonal replicates of each genotype, the
environmental variation, within genotypes, in subsequent trait expression and
analysis could be minimized. Plants were transplanted on July 21, 2000 and
spaced 2.4 m x 2.4 m apart. The field was alternately flooded and drained at one
week intervals. RoundUp herbicide (Glyphosate, N-(phosphonomethyl) glycine,
in the form of its isopropylamine salt, Monsanto ) was used to control weeds.
Plant height, growth, spread, disease reaction, and plant vigor data were
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collected during the growing season as previously described (March 8 to July 24
2001).
During the summer of 2000 (July 5, 2000) clones of the selected
genotypes were transplanted to 10 cm diameter pots and fertilized with Miracle
Gro® (The Scott’s Co.). The pots were placed in fiberglass pans (376 cm x 150
cm x 7.5 cm) filled with 7.6 cm of salt water (15ppt salt, Instant Ocean®, Lab.
Aquarium System) and maintained in the greenhouse. On February 16, 2001,
clones were transplanted to the site at Grande Terre Island, Louisiana. A 40 x
46.2 m pond was blocked off for this experiment. Grand Terre Island is an
irregularly shaped island in Jefferson Parish located between the Barataria Bay
and the Gulf of Mexico. This site is a manmade island created with soil sediment
transported from the Barataria Bay. Six-hundred plants were transplanted in
three replications. Each replication consisted of five clones from each of the 40
selected genotypes, spaced 2.4 m x 2.4 m apart. Plant height, growth, spread,
disease reaction, and plant vigor data were collected during the growing season
(April to July 2001).
Plant height was measured from the soil to the uppermost leaf tip of the
plant. To determine spread, plants were measured in two directions. The first
measurement was parallel to the row and the second measurement was
perpendicular to the first measurement. To evaluate plant growth, the area
covered was estimated and then combined with the height to create an index of
plant growth. Vigor, tiller density, and disease reaction were estimated using a
scale of 1 to10 (where a '1' indicates no rust or excellent tiller density and vigor,
and a '10' indicates severe rust or poor tiller density and vigor).
59

To estimate seed production, fifteen shoots were collected from each of
40 plants and individually tagged with the date of panicle emergence at the Ben
Hur site. The flowering date was recorded as days to first panicles emergence
with July 1 representing day one. The panicles were bagged, before seed
maturation, using dialysis tubing (4.5 cm x 40 cm) to catch any shattered seed.
Ten panicles from the 15 tagged shoots for each line were harvested after
measuring plant height. The panicles were kept in moist plastic bags in a
refrigerator at 4 oC for two weeks until threshed. Panicles were threshed
individually by hand. Unfilled florets were separated from seed using a backlighted fluorescent light box. Any seed that was not distinguishable by light was
manually examined to determine its status. Seed set was calculated as the
percentage of filled seed relative to total seed number. Filled seeds were kept in
small plastic containers of salt solution (0.4% NaCl and 0.05% Vitavax 200) and
stored in a refrigerator at 4o C. Seed germination tests were performed for each
individual panicle. Seeds were placed on wet germination paper and maintained
in a plastic bag for 14 days. Germination was carried out under ambient
temperature and light. The germination test was replicated 3 times with 100
seeds in each replication.
3.2.2 Data Analysis
Data were analyzed using SAS v6.2 and 8 (SAS Institute, 1999) univariate
and multivariate techniques such as ANOVA and partial correlations among
traits; principal component, biplot, and cluster analysis of accessions and
locations. Analysis of variance (ANOVA) was used to reveal the main and
interaction effects of independent variables on an interval dependent variable.
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Multiple analysis of variance (MANOVA) was used to see the main and
interaction effects of variables on multiple dependent interval variables.
Correlation coefficients contain information on both the strength and direction of
a linear relationship between two numeric random variables, and were used to
evaluate the relationship among the different variables in the experiment (Freund
and Wilson, 1997).
There are several graphical methods from multivariate statistics to analyze
a set of data, such as principal component analysis and biplot or cluster analysis
that are extremely useful for drawing conclusions (Gabriel, 1971; Johnson and
Wichern, 2002). Biplot analysis enables a number of multivariate samples to be
plotted together with the set of coordinate axes corresponding to the original
variables, and was used because this double representation improves data
interpretation. Cluster analysis is a collection of statistical methods that are used
to assign cases or individuals to groups based on certain properties that they had
in common. In biological research, it is usually common to classify individuals
sharing a particular character into the same group.
All the analyses were performance using SAS software (SAS/STAT®,
version 8.1). To graphically represent the biplot and cluster analysis, PCA and
cluster were performed using the InfoStat® software developed at University of
Cordoba, Argentina (email: infostat@agro.uncor.edu). The biplot method used
was a JK ((principal component (α=1)), and the cluster method was Ward (Ward,
1963) using Euclidean distance to compute dissimilarity. The cluster method and
distance were selected to be consistente with the method selected for the biplot
analysis (Johnson and Wichern, 2002).
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3.3 Results and Discussion
3.3.1 Cycle 1 Evaluation and Selection
Evaluation of the germination data for the native S. alterniflora accessions
revealed considerable variation among the 126 accessions (Figure 3.2). Mean
germination ranged from 0 to 57% and illustrates one of the main problems
associated with the use of Spartina seed for propagation in wetland areas. In
general, seed germination in the native Spartina collection was quite low. Data
from the collection across South Louisiana showed that 65 % of the accessions
had less than 10% germination. On the other hand, the best accessions ranged
from 30 to 57 % germination. These accessions were originally from the following
Parishes; Calcasieu (98NR61, 98NR70 98NR71 98NR72) Cameron (98NR82),
Jefferson (98NR99) and Vermilion (98NR38).
Seed weight also varied considerably among the 126 accessions (Figure
3.3). Mean seed weight (100 seeds) per accession ranged from 90 to 279 mg
with an average of 162.9 mg. Accessions with the heaviest seed ranged from
200 to 279 mg 100-1 seeds. These accessions were originally from the following
parishes; Calcasieu (98NR71, 98NR50) Cameron (98NR47, 98NR90), Jefferson
(98NR99, 98NR104) Terrebonne (98NR27, 98NR114) and Lafourche (98NR7,
98NR8, 98NR17, 98NR30).
Results from the ANOVA among accessions showed highly significant (p <
0.0001) differences among accessions for seed weight and percent seed
germination. Seed weight range from 90 mg. for accession 98NR85 to 279 mg.
for accession 98NR9) and mean germination ranged from 0 to 57% .
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Figure 3.2. Germination rate among 126 native Spartina alterniflora accessions
collected in South Louisiana during 1998.
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Figure 3.3. Seed weight distribution among 126 native Spartina alterniflora
accessions collected in South Louisiana during 1998
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On the other hand, no significant differences for seed weight and
germination rate were detected among accessions due to collection site or
collection date. A collection site for a particular accession was defined by the
parish where seed was originally collected from the native accession. Collection
date was defined as the number of days after the date of the first collected
accession, Oct 31, 1998.
Table 3. 4. Mean, standard deviation, and range for date of collection, seed
weight and percent of germination among 126 native Spartina alterniflora
accessions collected in South Louisiana during 1998.
Variable

N

Mean

Std Dev

Sum

Minimum Maximum

Date †

126

28.6

9.44064

3601

0

47.00000

Weight ¶

126

0.163

0.03269

20.53050

0.09040

0.27855

Germ

126

9.52

11.63474

1199

0

57.00000

§

† Days after October 31, 1998
¶ Weight measure on grams per 1000 seeds
§ Germination, percentage of germination per 100 seeds

The correlations between collection date, seed weight, and germination
rate for all accessions are shown in table 3.5. There was no relationship between
date of collection and seed weight or germination rate. However, the results
show a slight trend for heavier seed to have higher percent germination. The
ANOVA results indicated that this correlation was significant.
In order to explore the effect of this association on the pattern of similarity
among accessions, principal component analysis was conducted for accessions
and locations. The joint effects of the different traits measured, on the variation
among accessions, was explored using biplots. The same technique was used
to compare locations using information from all traits. In this type of analysis, the
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observations (dots) are plotted in the same space with the variables (vectors)
used to describe the variation among observations. This allows identification of
groups of observations that are more “similar” than others, and also to detect
which variables are associated with the differentiation among groups.
These exploratory analytical techniques (biplot and cluster) have been
widely used. Applications have included the classification and characterization of
wine (Gonzalez and Pena-Mendez, 2000), determination of genotype and
environmental interactions for crops such as wheat (Brancourt-Hulmel et al.,
2000), and stability analyses in wheat and perennial ryegrass breeding (Becker
and Leon, 1988). These analytic techniques have also been used for molecular
characterization of a wide range of crop species.
Table 3.5. Pearson correlation coefficients for seed weight, germination rate, and
collection date among 126 native Spartina alterniflora accessions collected in
Louisiana during 1998.
Variable
Collection Date
Germination Rate

Seed Weight

Germination Rate

-0.025 ns

0.042 ns

0.257**

N = 126, Prob > |r| under H0: Rho=0
** Significant at the 0.01 probability level.
ns Not Significant at the 0.05 probability level.

In Figures 3.4 and 3.5, vectors corresponding to seed weight (gw) and
percent germination (germ) point in the same direction, indicating a positive
correlation. This relationship implies that percent germination increases as seed
weight increases. The vector corresponding to collection date (days after October
31) is almost perpendicular to seed weight (sw) and percent germination (germ),
indicating no correlation with them. Based on these biplots, the pattern of
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similarity among accessions and locations was detected. Locations or
accessions plotted away from the vector origin are characterized by larger values
of a particular variable. For example, accessions with increased germination and
seed weight, such as 98NR 30, 98NR 47, and 98NR 71, are closely grouped at
the maximum vector distance for these two traits. The accessions selected in
cycle 1, based upon percent germination and seed weight, are listed in Table 3.2.
To determine what effect, if any, collection site had on trait diversity;
cluster analysis by location (Figure 3.6) was used to show the pattern of similarity
among observations using information from all three traits evaluated. Four
groups were described, with a main differentiation observed between St.
Tammany and the other three groups. This analysis also helped to identify the
level of geographic diversity, based on collection site of parental accession, that
was being maintained among cycle 1 selection. The three groups, including more
than one location, were all represented by selected cycle 1 accessions.
From the distribution of seed weight and percent germination, multivariate
ANOVA, using average values, was used to compare accessions. Significant
differences for seed weight and germination rate were detected among
accessions from different collection dates. Differences among collection sites
were significant for percent germination but not for seed weight. Therefore,
accessions were further characterized solely on percent germination. Based on
the result of germination data, 20 accessions were identified for field evaluation
and selection of parental genotypes to be used for future cycles of population
improvement (Table 3.6).
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3.75
days

PC 2(34%)

2.00

germ

0.25

sw

-1.50

-3.25
-3.25

-1.50

0.25

2.00

3.75

PC 1(42%)

Figure 3.4. Biplot analysis of native Spartina alterniflora accessions, by accession, for seed weight, percent germination,
and collection date.
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Figure 3. 5. Biplot analysis of native Spartina alterniflora accessions, by collection site for seed weight, percent
germination, and collection date.
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Figure 3. 6. Cluster analysis of Spartina alterniflora accessions, by location, for seed weight, percent germination, and
collection date (Ward’s method).
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Table 3.6 The 20 cycle 1 accessions of Spartina alterniflora identified for cycle 2
evaluation based on analysis of seed weight, percent germination, and collection
date for 126 native accessions collected in South Louisiana during 1998 .
Accession
selected
98NR61
98NR71

Percentage of
germination
57
49

Comparison†
A
B

98NR72

45

C

98NR82

44

CD

98NR99

42

DE

98NR38

39

E

98NR70
98NR30

33
30

F
FG

98NR25

30

FG

98NR26

29

G

98NR47

29

G

98NR27
98NR109

26
24

H
HI

98NR107

23

HI

98NR98

22

IJ

98NR86

19

J

98NR7
98NR60

15
13

98NR8

11

LM

98NR19

10

M

K
KL

† Means with the same letter are not significantly different at LSDα=0.05

3.3.2 Cycle 2 Evaluation and Selection
The 20 accessions identified in cycle 1 represented eight parishes across
southern Louisiana. It was possible, based on the cluster and biplot analysis, to
determine that these accessions were a representative sample of three of the
four main groups previously described by cluster analysis (Fig. 3.6). The sole
exception was the St. Tammany group, which was not represented.
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Mean values for height, spread, vigor, rust, tiller density and days to first
flowering of the 20 accessions selected in cycle 1, grouped by collection site
(parish), are shown in Table 3.7. The parishes presented in this table are sorted
by plant height.
Table 3.7. Mean values for height, spread, vigor, rust, tiller density and days to
first flowering of 20 cycle 2 Spartina alterniflora accessions grouped by the
location of origin.
Tiller
Rust
density Days to first
1-10¶
1-10¶
Flowering§

Spread
cm2‡

Vigor
1-10¶

134

11483

7.1

3.1

6.2

86

2

127

9076

7.6

2.4

6.0

81

Lafourche

3

121

13246

6.7

3.2

5.9

75

Calcasieu

4

110

7523

3.9

4.5

4.6

74

Terrebonne

3

109

13545

6.4

3.5

5.5

82

Jefferson

3

106

13025

5.8

3.5

5.7

74

Orleans

1

96

7820

5.1

3.4

4.2

78

Iberia

1

84

8428

4.4

3.2

4.6

84

N

Height
Cm†

Vermillion

1

Cameron

Location

N represents number of accessions at each location
†Height was measured from ground to the uppermost leaf tip of the plant (cm).
‡ Spread was measured as an area covered by the plant (cm2).
¶ Vigor, rust, and tiller density were estimate on a 1-10 scale (1=excellent; 10= poor)
§ Flowering date was recorded as days of first panicle emergence after July 1.

An analysis of the 20 accessions selected in cycle 1, is presented, sorted
by plant height, in Table 3.8. The results showed that analysis based on
collection site and analysis by accession demonstrated a similar pattern for the
relationship between plant height and several of the other traits evaluated. For
example, as plant height increased, plant vigor and tiller density number also
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tended to increase. However, the interpretation of these observations for traits
evaluated, among accessions, was further investigated using biplot and cluster
analyses.
In biplot analysis, the selected accessions (dots) were plotted in the same
space with the traits (vectors) used to describe the variation among accessions.
This permitted the identification of groups of observations that were more
comparable than others, and also the detection of traits associated with the
differentiation among groups.
In Figure 3.7, adjacent vectors corresponding to height, spread vigor and
tiller density all point in the same direction, indicating a positive correlation. The
vector corresponding to flowering date (dayflor) is almost perpendicular to height,
spread, vigor and tiller density, indicating no correlation with them. On the other
hand, the vector for rust reaction is pointing in an opposite direction indicating a
negative correlation between rust reaction and height, spread, vigor and tiller
density.
Based on this biplot, the pattern of similarity among accessions can be
detected (Fig. 3.7). For example, accessions 98NR 70 and 98NR 61 are much
more similar in their response to rust than are accessions 98NR 70 and 98NR
86. Similar comparisons for other traits are readily observable. The magnitude
of the trait also increases with distance from the vector origin. For example,
accessions 98NR 70 and 98NR 61 were more susceptible to rust than were
accessions 98NR19 and 98NR 47. Again, similar comparisons for other traits
are readily observable.
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Table 3. 8 Mean values for height, spread, vigor, rust, tiller density and days to
first flowering based on 20 plants from each of the 20 Spartina alterniflora
accessions evaluated in cycle 2.
Accession Height Spread Vigor
Cm†
cm2‡ 1-10¶

Rust
1-10¶

Tiller density Days to first
1-10¶
flowering §

98NR7

142

16657

7.7

2.8

7.0

73

98NR38

134

11481

7.1

3.1

6.2

86

98NR86

133

11529

7.8

2.2

5.9

82

98NR30

128

13122

6.1

3.7

5.7

74

98NR82

127

9075

7.6

2.4

6.0

81

98NR72

124

8034

5.4

3.8

4.7

83

98NR27

120

14597

6.8

3.1

6.2

79

98NR26

118

14092

6.4

3.6

6.4

73

98NR8

117

16693

7.0

2.3

5.6

73

98NR47

116

5789

6.5

3.3

5.3

63

98NR61

113

7384

3.2

5.8

4.6

73

98NR98

112

12403

6.4

3.8

5.2

76

98NR99

110

14849

6.4

2.8

6.1

70

98NR109

109

13543

6.4

3.5

5.5

82

98NR70

107

9027

3.7

4.5

4.7

67

98NR107

106

14194

5.8

3.5

5.6

69

98NR19

102

11199

5.2

4.1

5.4

78

98NR71

95

5748

3.7

4

4.4

75

98NR25

95

7818

5.1

3.4

4.2

78

98NR60

83

8428

4.4

3.2

4.6

84

Mean

115

11283

5.9

3.4

5.5

76

CV

15

37.8

29.8

35.95

29.1

13.5

10.5

2542.2

1.0

1.3

1.2

4.2

LSD (0.05)

†Height was measured from ground to the uppermost leaf tip of the plant (cm).
‡ Spread was measured as an area covered by the plant (cm2).
¶ Vigor, rust, and tiller density were estimate on a scale of 1-10 (1=good; 10=bad)
§ Flowering date was recorded as days of first panicle emergence after July 1.
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Figure 3.7. Biplot analysis, by accession, for 20 cycle 2 Spartina alterniflora accessions selected in cycle 1 for height,
spread, vigor, tiller density, flowering date and rust reaction.
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Cluster analysis was also used to represent similarity among accessions
using information from all the traits evaluated. In Figure 3.8, accessions were
clustered using information from all six traits evaluated (height, spread, vigor,
tiller density, flowering date and rust reaction). Among the four groups
described, the cluster containing accessions 98NR60, 98NR25, 98NR71,
98NR70 and 98NR61 represented the group of accessions with maximum
differentiation. Using these results, and the results obtained from the biplot, it is
possible to relate both graphs and conclude that this group represented the
accessions most susceptible to rust reaction. In this case, the biplot analysis
indicates that reduced vegetative growth and increased rust reaction are
characteristics of this group. On the other hand, the rest of the accessions were
clustered together within the main group, and the biplot showed that these
accessions have larger values for vegetative growth and reduced rust reaction.
The data was also analyzed, using biplot and cluster analyses, for the
selected accessions grouped by collection site. Biplot analysis (Figure 3.9)
revealed that accessions from Iberia, Orleans and Calcasieu sites were located
on the same side of Figure 3.9 indicating that reduced vegetative growth and
increased rust reaction were characteristics of this group. On the other hand,
accessions from Vermilion, Lafourche, Terrebonne and Cameron sites showed
large values for vegetative growth and reduced rust reaction. As was the case
with the previous cluster analysis for individual accessions, it is possible to
identify other relationships between traits and collection sites using this
approach. For example, accessions from Vermilion and Cameron were much
more similar in their vigor response than were accessions from Lafourche and
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Jefferson. Also accessions from Lafourche had a more similar spread response
than accessions from Vermilion and Cameron. Similar comparisons for other
traits are readily observable. The magnitude of the trait also increases with
distance from the vector origin.
The results of cluster analysis revealed that accessions from Iberia,
Orleans and Calcasieu collection sites were clustered together with maximum
differentiation from the other sites (Figure 3.10). Meanwhile accessions from
Vermillion and Cameron were clustered together within Terrebone, Jefferson and
Lafourche. This indicates that there was a concordance between the biplot
analysis and the cluster analysis grouping. Similar patterns of clustering were
detected for accessions and locations using information from all traits, as
represented for the Calcasieu-Iberia-Orleans group with overall low performance
for the evaluated traits.
As in the previous evaluation and selection cycle, this type of analysis is
important because it distinguishes between collection site and accession and
improves selection efficiency. To maintain maximum population diversity it is
important to select superior plants from many segregating groups as indicated by
cluster analysis.
Multivariate ANOVA was conducted to examine the relationship among
the different traits included in this analysis. Highly significant (p < 0.0001)
differences occurred among accessions for traits measured during the vegetative
stage (plant height, spread, vigor, tiller density, rust reaction). Also highly
significant (p < 0.0001) differences were detected among accessions for days to
first panicle emergence since July 1.
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Figure 3.8. Cluster analysis, by accession, for 20 cycle 2 Spartina alterniflora
accessions selected in cycle 1 for height, spread, vigor, tiller density, flowering
date and rust reaction (Ward’s method).
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Figure 3.9. Biplot analysis, by collection site, for 20 cycle 2 Spartina alterniflora accessions selected in cycle 1, for height,
spread, vigor, tiller density, flowering date and rust reaction.
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Figure 3.10. Cluster analysis, by collection site, for 20 (cycle 2) Spartina
alterniflora accessions selected in cycle 1 for height, spread, vigor, tiller density,
flowering date and rust reaction (Ward’s method).
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Significant positive correlations were found among all vegetative traits
representing plant growth, together with negative correlation between those traits
and rust reaction (Table 3.9). The positive correlation between vigor and tiller
density is expected since vigor is increased by an increase in tiller density.
Moreover, height and spread are contributory components of vigor, so we expect
a positive correlation among these. Flowering was positively correlated with
spread, and negatively correlated with tiller density, but no correlation was found
with plant height, rust reaction or vigor. Late flowering accessions were
associated with increased spread and tiller density, but not with the other traits.
Partial correlations were obtained for all traits. Positive correlations among all
vegetative traits were related to plant growth. Rust reaction was negatively
correlated with all vegetative traits because healthier plants are less prone to
disease like rust, so we expect a negative correlation.
Table 3.9. Partial correlation coefficients, by collection site, for 20 cycle 2
Spartina alterniflora accessions selected in cycle 1 for height, spread, vigor, tiller
density, days to first flowering and rust reaction.
Variables
Height
Spread

Spread

Vigor

Rust

0.37**

0.54**

- 0.18**

Tiller
density
0.48**

0.43**

- 0.11*

0.48**

0.32*

- 0.48**

0.60**

- 0.1 ns

Vigor

- 0.21**

Rust

Days to first
flowering
0.05 ns

0.04 ns
-0.17*

Tiller
density
* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
ns Not Significant at the 0.05 probability level.
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Forty plants were selected in cycle two across accessions based on plant
height, vigor, spread, and disease reaction of individual plants. The selected
plants came from nine accessions; five plants each from seven accessions
(98NR7, 98NR8, 98NR26, 98NR27, 98NR47, 98NR82, and 98NR99), four plants
from accession 98NR38, and one plant from accession 98NR109 (Table 3.10).
Table 3. 10. Forty plants of Spartina alterniflora selected in cycle 2 at the Ben
Hur farm in 2000 based on height, spread, vigor, tiller density, days to first
flowering and rust reaction.
Accession

Origin (Parish)

Plants (genotypes) selected

98NR7
98NR8

Lafourche
Lafourche

98NR7-8, -12, -14, -15, –16
98NR8-4, -5, -12, -13, -17

98NR26

Lafourche

98NR26-3, -4, -10, -13, -18

98NR27

Terrebonne

98NR27-2, -3, -13, -19, -20

98NR38

Vermilion

98NR38-4, -7, -9, -16

98NR47
98NR82

Cameron
Cameron

98NR47-4, -5, -14, -16, -18
98NR82-3, -6, -10, -19, -20

98NR99

Jefferson

98NR99-1, -2, -3, -4, -18

98NR109

Terrebonne

98NR109-11

3.3.3 Cycle 3 Evaluation and Selection
3.3.3.1 Performance of Selected Plants at Ben Hur Farm and Grand Terre
Island
The performances of the forty selected genotypes were evaluated at two
locations, Ben Hur and Grand Terre. Vegetative and reproductive trait mean
values per genotype at Ben Hur Farm, based on 20 plants, and at Grand Terre
Island, based on 15 plants, are presented in Table 3.11 and Table 3.12
respectively .
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Table 3.11. Mean values for height, spread, vigor, rust, kernel weight, seed set,
and germination based on 20 plants from each of the 40 Spartina alterniflora
genotypes and vermillion evaluated at Ben Hur Farm, Baton Rouge, Louisiana.
Height Spread kernel_wt Seedset
cm†
cm2‡
1000
%

Vigor
1-10¶

Rust
1-10¶

98NR7-8
152
22924
2.64
62
60
7.6
98NR7-12
173
19431
2.38
68
60
7.2
98NR7-14
157
22677
1.64
7
56
5.9
98NR7-15
170
19629
1.49
27
45
7.1
98NR7-16
99
21265
3.09
62
49
7.5
98NR8-4
107
15443
1.90
17
58
7.9
98NR8-5
119
21702
1.44
59
62
6.5
98NR8-12
150
20772
2.02
33
53
6.4
98NR8-13
180
24895
3.53
70
53
6.4
98NR8-17
147
17056
3.11
56
50
6.5
98NR26-3
97
28702
3.11
82
53
6.2
98NR26-4
127
12713
1.00
11
47
7.1
98NR26-10
142
17287
2.71
29
74
7.4
98NR26-13
107
20533
2.23
44
71
7.2
98NR26-18
145
23774
3.83
65
66
6.9
98NR27-2
117
21806
3.10
81
60
5.9
98NR27-3
122
14247
3.69
77
55
6.5
98NR27-13
117
21732
3.76
94
84
7.7
98NR27-19
127
17236
3.21
57
51
7.3
98NR27-20
157
12139
3.14
48
61
6.6
98NR38-4
137
11400
2.44
40
38
6.0
98NR38-7
152
11240
2.38
29
60
6.2
98NR38-9
145
8420
2.98
28
39
6.3
98NR38-16
127
15372
1.89
14
43
6.0
98NR47-4
119
6866
3.13
70
60
5.6
98NR47-5
104
9291
3.94
66
55
5.8
98NR47-14
137
14468
5.05
74
75
6.2
98NR47-16
117
10630
3.83
68
80
5.9
98NR47-18
140
7087
4.00
53
49
5.8
98NR82-3
175
13785
3.69
83
49
5.4
98NR82-6
127
17526
3.39
81
49
6.2
98NR82-10
168
17292
1.67
15
42
6.0
98NR82-19
127
16256
3.31
54
96
5.8
98NR82-20
145
21146
1.63
50
39
5.7
98NR99-1
97
23043
1.67
34
58
7.0
98NR99-2
119
20117
1.80
32
34
6.6
98NR99-3
135
25319
2.40
56
62
6.6
98NR99-4
142
22421
1.76
39
23
6.0
98NR99-18
114
25938
1.95
38
35
6.7
98NR109-11
132
15842
3.82
67
60
6.4
Vermilion
144
20118
2.01
58
73
6.2
135
17794
2.72
51
56
6.3
Mean
13.5
40.7
12.1
20.4
32.0
30.60
C.V.
8.4
2896.2
0.4
13.1
17.2
1.1
LSD (0.05)
†Height was measured from ground to the uppermost leaf tip of the plant (cm).
‡ Spread was measured as an area covered by the plant (cm2).
¶ Vigor and rust were estimate on a 1-10 scale (1=excellent; 10= poor).

2.0
2.3
2.0
1.0
3.0
2.0
4.3
6.8
5.5
4.8
4.0
2.5
1.0
4.5
1.8
2.5
5.5
2.0
2.5
6.0
4.3
4.0
5.5
6.8
7.0
5.3
4.8
4.5
1.5
6.0
2.3
1.0
2.3
4.5
5.3
4.3
1.5
3.5
2.3
1.5
1.5
3.5
36.75
1.3

Genotype
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Germ
%

Table 3.12. Mean values for height, spread, vigor, rust, kernel weight, seed set,
and germination based on 15 plants from each of the 40 Spartina alterniflora
genotypes and vermillion evaluated at Grand Terre Island, Louisiana.
Height Spread kernel_wt Seedset Germ
cm†
cm2‡
1000
%
%

Vigor
1-10¶

Rust
1-10¶

98NR7-8
165
22489
1.53
36
60
2.2
98NR7-12
165
24232
1.94
62
58
2.2
98NR7-14
157
27846
2.48
43
56
2.6
98NR7-15
150
21501
1.87
40
34
3.0
98NR7-16
170
24166
2.53
41
49
2.4
98NR8-4
135
17755
2.95
60
58
3.6
98NR8-5
142
25872
2.45
55
64
2.2
98NR8-12
160
18415
2.56
60
53
3.4
98NR8-13
147
19423
2.89
63
53
2.8
98NR8-17
150
23800
2.61
55
50
2.8
98NR26-3
119
22095
2.04
39
76
3.8
98NR26-4
140
20323
2.53
72
46
3.8
98NR26-10
127
13391
3.88
55
53
4.0
98NR26-13
137
21062
2.80
62
47
3.0
98NR26-18
152
21783
2.71
58
70
2.2
98NR27-2
130
21044
2.59
58
28
3.2
98NR27-3
117
11946
2.76
55
73
4.2
98NR27-13
130
18771
2.88
80
78
3.6
98NR27-19
117
21003
2.76
63
55
4.2
98NR27-20
140
21019
2.70
57
51
3.2
98NR38-4
132
17567
1.98
44
60
3.2
98NR38-7
135
18771
2.32
42
39
3.2
98NR38-9
114
14620
1.89
20
43
3.6
98NR38-16
135
18636
1.98
7
27
3.4
98NR47-4
114
19964
2.38
52
49
3.8
98NR47-5
119
10907
2.86
40
49
4.6
98NR47-14
124
19248
2.72
54
69
2.8
98NR47-16
145
20312
3.31
62
62
2.4
98NR47-18
127
16350
2.98
15
40
3.8
98NR82-3
135
8379
2.45
54
89
5.2
98NR82-6
150
12543
2.61
57
39
3.4
98NR82-10
160
14686
3.00
83
49
3.6
98NR82-19
163
25324
2.90
60
70
2.4
98NR82-20
119
14628
2.19
57
42
5.2
98NR99-1
117
6612
2.65
53
58
5.8
98NR99-2
140
15006
3.15
39
34
5.2
98NR99-3
127
19086
2.84
54
58
3.2
98NR99-4
135
13172
2.98
54
3
5.2
98NR99-18
127
17231
3.30
60
9
4.4
98NR109-11
142
16124
3.11
61
71
4.0
Vermilion
137
22263
2.44
54
77
3.0
138
18521
2.62
52
53
3.5
Mean
13.91
41.71
11.93
20.46
31.01
36.45
C.V
8.2
2978
0.3
13.4
17.0
1.3
LSD (0.05)
†Height was measured from ground to the uppermost leaf tip of the plant (cm).
‡ Spread was measured as an area covered by the plant (cm2).
¶ Vigor and rust were estimate on a 1-10 scale (1=excellent; 10= poor).

2.4
2.6
2.2
2.3
2.6
2.4
2.0
3.0
1.8
2.6
2.2
2.4
2.0
2.4
2.2
2.2
2.2
3.0
2.4
3.0
2.6
2.8
2.6
2.0
1.8
2.4
2.0
1.8
2.2
3.2
2.4
2.2
2.4
3.2
3.6
3.2
2.2
3.4
3.4
2.6
2.6
2.5
30.86
1.0

Genotype

83

The mean value per genotype at Ben Hur for vegetative traits were: height
from 97 to 180 cm with a mean of 135 cm, spread from 6866 to 28702 cm2 with a
mean of 17794 cm2, vigor from 6 to 8 with a mean of 6.5, rust reaction 1 to 7 with
a mean of 3.75. At Grand Terre the mean value per genotype were for ; height
from 114 to 170 cm with a mean of 138 cm, spread from 6612 to 27846 cm2 with
a mean of 17794 cm2, vigor from 2 to 6 with a mean of 3.50, rust reaction 2 to 4
with a mean of 2.5. These results showed good performance for the selected
genotypes at both locations, with the exception of vigor, which was less for the
genotypes evaluated at Grand Terre.
The forty plants selected in cycle 2 were evaluated at the Ben Hur Farm
and Grand Terre locations. Highly significant (p < 0.0001) differences occurred
among these accessions for traits measured during the vegetative stage (plant
height, spread, vigor, tiller density, disease). Also, highly significant (p < 0.0001)
differences were detected among accessions for seed set, kernel wt/1000,
germination and seed viability.
Significant positive correlations were found among all vegetative traits.
There was a negative relationship between height and spread, and rust reaction
(Table 3.13), indicating that plants with higher rust ratings were shorter and
spread less. Kernel weight was positively correlated with tiller density and vigor.
A negative correlation was found between spread and two reproductive traits
(kernel wt and viability), but no correlation was found between the other
combinations shown in Table 3.13. As spread increased, the number of
unproductive tillers increased and hence less viability. This may also lead to
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lower kernel weight. Tiller density and vigor were associated with increased
kernel wt, but not with the other traits. Positive correlations among all
reproductive traits were found.
Table 3.13. Correlation Coefficients among cycle 2 selections for vegetative
(height, spread, vigor. tiller density, disease) and reproductive traits (seed set,
kernel wt 1000, germination, and viability) at Ben Hur Farm and Grand Terre
Island, LA.

Height
Spread
Disease

Spread

Disease

Vigor

-0.15 *

Tiller
density
-0.52**

0.59 **

-0.67**

Seed
set %
0.02ns

Kernel
wt/1000
-0.11ns

Germin
ation
-0.09 ns

Viability
%
-0.08 ns

-0.22**

-0.72**

-0.74**

-0.06 ns

-0.19*

-0.13 ns

-0.16**

0.37**

0.39**

0.01ns

0.02ns

-0.09 ns

-0.09 ns

0.87**

0.05ns

0.18*

0.05 ns

0.07ns

0.02ns

0.16*

-0.04 ns

-0.01 ns

0.51**

0.25*

0.55**

0.21*

0.31**

Tiller
density
Vigor
Seed
set
Kernel
wt1000

0.82**

Germ.
* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
ns Not Significant at the 0.05 probability level.

3.3.3.2 Seed Production in Cycle 3
There was considerable variation for reproductive traits among and within
the forty cycle 2 selected genotypes. To evaluate seed production, 10 panicles
from each selected plant were randomly chosen and tagged at panicle
emergence at Ben Hur Farm and Grand Terre.
The mean value per accession at Ben Hur Farm for seed production traits
are presented in table 3.11.The average seed set across genotypes at Ben Hur
Farm was 47%, ranging from 0 to 94% (Table 3.14). The highest mean seed set
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per accession was 69% for accession 98NR27 and the lowest mean seed set
was 27% for accession 98NR38. Among the selected plants for each of these
accessions the highest seed set was for plants 98NR27-13 and 98NR82-3. Total
seed number ranged from 700 to 9840 seeds. Plants from accession 98NR-8
were found to produce the most seed, and plants from accession 98NR-47
produced the least number of seed.
Table 3.14. Mean and range, of reproductive traits for cycle 3 Spartina
alterniflora genotypes grown in 2001 at Ben Hur Farm, Baton Rouge, Louisiana.
Trait

Mean

Minimum

Seed weight (g)
8.88
1.77
Kernel weight (mg)
2.76
1.00
Total seeds
3330
700
Filled seeds
1490
0
Unfilled seeds
1840
12
Seed set (%)
47
7
Germination§ (%)
60
23
Viability ¶ (%)
28
8
§Germination was made on filled seeds for each panicle.
¶ Viability was estimated by multiplying seed set with germination rate.

Maximum
26.10
5.05
9840
6650
7640
94
96
62

3.3.3.3 Correlation among Reproductive Traits in Cycle 2 Selections
Flowering date was positively correlated with kernel weight, seed set,
germination, and seed viability at Ben Hur (Table 3.15), but was inversely
correlated with total seed. Therefore delayed flowering was associated with large
kernel weight, good seed set, good germination and seed viability but there was
a reduction of total seed number. Seed germination was significantly correlated
with flowering date, seed set, and kernel weight. Therefore accessions with
medium to late flowering would be important for seed production. Seed set was
positively correlated with kernel weight, flowering date, and seed weight. Seed
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viability was significantly positively correlated with percent germination, seed set,
kernel weight, flowering date, and seed weight, indicating that superior seed
production for S. alterniflora is associated with higher seed set and percent
germination, and better seed weight. Kernel weight and flowering dates were the
most highly correlated traits with seed set.
Table 3.15. Pearson correlation between reproductive traits (kernel wt/1000, total
seed, seed set, germination and seed viability) among 40 Spartina alterniflora
cycle 3 genotypes evaluated at Ben Hur Farm, Baton Rouge, Louisiana.
Seed
Viability¶

Kernel
wt/1000

Total
seed

Seed set

Germination
§

Flowering day †

0.67**

-0.56**

0.69**

0.52**

0.60**

Seed wt

0.55**

0.53**

0.55**

0.29ns

0.47**

-0.37*

0.82**

0.49**

0.70**

-0.22ns

-0.15ns

-0.20ns

0.56**

0.81**

Kernel wt/1000
Total seed
Seed set

0.87**

Germination
§ Germination was made on filled seeds for each panicle.
¶ Viability was estimated by multiplying seed set with germination rate.
†Flowering day was measured as Days to first flowering since July 1.
* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
ns Not Significant at the 0.05 probability level.

At Grand Terre, Louisiana, 10 panicles from each cycle 3 selection were
randomly chosen and cut at maturity. The mean values per accession at Grand
Terre Island for seed production trait are presented in Table 3.12. There was
significant variation among selected genotypes for seed set. The average seed
set across selected genotypes at Grand Terre Island was 51%, ranging from 7 to
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83% (Table 3.16). Accession 98NR27 had the highest average seed set (63%)
while 98NR38 had the lowest (28%).
Among the selected plants (genotypes) the highest seed set was for
plants 98RN27-13 and 98NR99-2. Total seed number ranged from 1676 to
20334. Plants from accession 98NR7 produced the most seed, while accession
98NR38 produced the lowest number of seed. The mean percent germination
was 43% with a range from 3 to 89%. The lowest germination was represented
by accessions 98NR38 and 98NR109, while the highest was for accessions
98NR27 and 98NR47.
Table 3.16. Mean and range of kernel wt/1000, total seed , seed set, germination
and seed viability among 40 Spartina alterniflora cycle 3 genotypes evaluated at
Grand Terre, Louisiana, in 2001
Variable

Mean

Minimum

Maximun

38

12

95

Kernel wt gms/1000

2.60

1.53

3.88

Total seed

5838

1676

20334

Seed set %

52

7

83

2996

321

8049

Germination %

43

3

89

Seed viability %

22

1

56

Seed wt gms

Total number filled seed

Seed germination was positively correlated with seed set, seed viability,
and kernel weight (Table 3.17). Genotypes with the greatest seed set and kernel
weight generally had higher germination, although the relationship is not strong (r
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= 0.18 and 0.12, respectively). This is not a direct relationship so the weak
correlation indicates the complexity of these traits. Seed set was significantly
correlated with kernel weight, seed weight and total filled seed. Seed viability was
significantly positively correlated with percent germination, seed set, kernel
weight, and seed weight.
Table 3.17. Pearson correlation between reproductive traits (kernel wt/1000, total
seed , seed set, germination and seed viability) among 40 Spartina alterniflora
cycle 3 genotypes evaluated at Grand Terre Island, Grande Terre, Louisiana, in
2001.

Seed wt
Kernel wt
Total seeds

Kernel
wt/1000

Total
seeds

Seed
set

Total
filled
seed

0.26 **

0.66 **

0.23 **

0.68 **

0.05 ns

0.16*

-0.11ns

0.51 **

0.21**

0.12 *

0.31**

0.02ns

0.79**

-0.05 ns

0.04 ns

0.58 **

0.18 *

0.55 **

-0.02 ns

0.32 **

Seed set
Total filled
seed

Germination§

Seed
Viability¶

Germination§

0.90 **

§ Germination was made on filled seeds for each panicle.
¶ Viability was estimated by multiplying seed set with germination rate.
* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
ns Not Significant at the 0.05 probability level.

3.3.3.4 Genotypes Selected in Cycle 3
Based on evaluation of vegetative and reproductive traits at Ben Hur and
Grande Terre, superior plants were selected for the next cycle of population
improvement (Table 3.19). To select these plants, a ranking sheet was
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developed that included plant height and spread, a vegetative index of overall
vigor and tiller density, and reproductive traits (flowering date, kernel wt 1000-1,
seed set, and seed germination) (Table 3.18).
Table 3.18. Mean coefficient of variation (CV) and F value for vegetative (height,
spread, and vegetative index) and reproductive (flowering day, kernel wt/1000,
seed set and seed germination) traits used for selection of genotypes for the next
cycle (4) of population improvement.
Variables

Mean

CV %

F-value

Height (cm)

136

12

0.001 **

Spread (cm2)

18453

31

0.001**

Vegetative index (vigor

3.5

31

0.002**

Flowering day

26.7

14

0.003**

Kernel wt g 1000

2.6

17

0.01**

Seed set %

51.17

34

0.001**

Seed germination %

50.9

46

0.01**

and tiller density)

** Significant at the 0.01 probability level.

Selection was done in two stages. First, selection was conducted based
on plant spread, growth, vigor, and disease resistance in the field. Within this
selected group, those with higher seed set, seed weight, kernel weight, and
viability, were selected. For reproductive traits, plants having seed set above
average were initially selected. Selection was then based on seed germination.
Germination and seed set were combined to estimate live seed production for the
accessions. Kernel weight, seed weight, and total seeds were the next selection
criteria. This selection process resulted in seven plants from seven accessions
that demonstrated superior performance for vegetative and reproductive traits.
These seven selected plants and vermillion represent the initial parents in the
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Spartina breeding program to be used (Table 3.19) for development of an
improved population of S. alterniflora with enhanced seed production.
Table 3.19. Selected plants, location of original accession collection site, seed
set, and seed germination of superior Spartina alterniflora genotypes selected in
cycle 3
Selected plant

Location

Seed set

Seed Germination

98NR7-00BH-12

Lafourche

65

59

98NR8-00BH-5

Lafourche

57

63

98NR26-00BH-18

Lafourche

61

68

98NR27-00BH-13

Terrebonne

87

81

98NR47-00BH-16

Cameron

65

71

98NR82-00BH-19

Cameron

70

61

98NR99-00BH-3

Jefferson

55

60

56

75

Vermillion clone

As a result of this research, S. alterniflora plants with superior vegetative
and reproductive traits were identified among progeny from the original native
accessions after several cycles of evaluation and selection. The original
germination rate for the native accessions ranged from 0 to 57% with only 35% of
the accessions above the 10% germination rate. After the selection and
evaluation process, maximum germination rate was increased to 96% with a
mean germination rate of 60%. The maximum germination rate observed in this
study (96%) was better than the germination rate (90%) previously observed
among four California clones of S. alterniflora (Daehler and Strong, 1994). This
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maximum germination rate was also above that reported by Seneca (1974) who
observed germination rates above 50%, with a maximum rate of 91%, for S.
alterniflora populations along the Atlantic Coastline. Similar to germination, other
reproductive traits, such as seed set and seed weight were enhanced by
evaluation and selection.
Methods of collecting, storing and planting S. alterniflora seed have been
previously reported (Woodhouse et al., 1972). According to Woodhouse et al.
(1976), establishment of S. alterniflora from seed has been shown to be
economical on dredged material. However, most of the attempts to establish S.
alterniflora from seed have resulted in moderate success (Seneca, 1974;
Mooring et al., 1971; Woodhouse et al., 1974; Webb and Dodd, 1989), reported
that the use of seed to establish S. alterniflora on dredged materials in Texas had
a high probability of failure and concluded that the use of vegetative material for
establishment was much more reliable. Populations developed from this
research, with enhanced seed and vegetative traits, should increase the success
of S. alterniflora establishment from seed.
Since selected genotypes were evaluated for seed production in the field,
some of the observed increase in seed production could be attributed to crosspollination. Fang (2002), observed that S. alterniflora produced less seed when
self-pollinated than when cross-pollinated. A similar trend for reduced seed
production for self-pollination was observed by Somers and Grant (1981), who
estimated a 20-fold reduction in seed set from self-pollinated inflorescences
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among a Delaware population. It is also possible that the seed collected from the
native accessions, typically large clonal ‘clumps’, was highly self-pollinated.
Much of the previous research with S. alterniflora has emphasized plant
establishment, relationship with sea fauna, and conservation of the species.
Little information concerning seed production has been reported. Because viable
seed production for S. alterniflora is erratic across years, in both native and
introduced populations (Broome et al., 1974; Sayce, 1988), genotypes were
selected in this research for superior reproductive characteristics. Given the
environmental year to year variation in seed production, plants selected were
evaluated at multiple locations. Quantities of seed from these selections are
being produced and future evaluations for establishment, using this seed source,
will be conducted at multiple locations.
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CHAPTER 4
MOLECULAR CHARACTERIZATION OF SELECTED SPARTINA
ALTERNIFLORA GERMPLASM
4.1 Introduction
The ultimate goal of plant breeding is to generate improved varieties for a
combination of traits reflecting adaptation to the particular cropping system and
environmental conditions targeted by the breeding program (Poehlman and
Sleper, 1995). The use of molecular markers is widespread among plant
breeders because it provides a substantial amount of useful genetic information
at the molecular level. DNA markers are increasingly employed to examine
genetic diversity of organisms and generate gene maps for tagging traits of
interest, for germplasm conservation, or genetic enhancement. Development of
distinct, uniform and stable varieties (Cooke, 1995) has been facilitated by
practicing marker-assisted selection and by estimating the similarity and
difference among individuals (Stuber et.al., 1999). Selection can be performed
through targeted molecular markers rather than for the trait itself (Karp and
Edwards, 1997).
Since marker technology became available for detecting polymorphisms at
the DNA level, they have been used in many cases to survey genetic diversity
within germplasm collections (Beer et al., 1997; Karp et al., 1997), providing
information about crop evolution (Fahima et al., 1999), identification of
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geographic regions with high diversity (Semagn et al., 2000) and definition of
genetically similar groups of varieties or accessions (Dudley et al., 1991; Bohn et
al., 1999; Dean et al., 1999).
DNA marker utility is determined by the technology that is used to reveal
DNA polymorphisms ( Mazur and Tingey, 1995 ). DNA-based markers fall into
two categories: the first group, the hybridization-based techniques which
includes the Restriction Fragment Length Polymorphism (RFLP), detects the
DNA polymorphism using restriction endonuclease digestions, followed by DNA
hybridizations. The second group, the Polymerase Chain Reaction (PCR)based methods, includes Random Amplified Polymorphic DNA (RAPD),
Amplified Fragment Length Polymorphism (AFLP) and micro satellite or Simple
Sequence Repeat (SSR), and Sequence Tagged Sites (STS) (Karp and
Edwards, 1997).
The use of PCR with a set of random primers to amplify a specific set of
loci in any genome has laid the foundation for high turnout of genetic markers
that can be used for a variety of purposes. The PCR-based markers require
small amounts of DNA for an assay, and do not require hybridization to reveal
bands. Hence, many plant species that were otherwise uncharacterized due to
huge research investments became amenable to genetic analysis using
molecular markers.
While a large volume of data is now available on the succession dynamics
of restored coastal marshes (Matthews and Minello, 1994), very little emphasis
has been placed on determining their genetic diversity. In periods of rapid
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environmental change, genetic diversity affects population viability by making
available the raw material for natural selection (Hamrick, 1991). Moreover,
genetic variability helps maintain high fitness potential among individuals with
distinct genotypes for out-crossing. This is particularly important in Spartina
alterniflora, a primarily out-crossing clonally propagated species.
Given the limited genetic variability expected in a clonally established
population, researchers have discussed the utility of RAPDs to develop genetic
markers for exploring the morphological and reproductive differences among
clones. The importation of distinct genotypes of S. alterniflora, as part of wetland
restoration projects, may result in populations that are poorly suited to local
conditions and subsequent establishment failures (Perkins et al., 2002). It is
important to use adapted native populations that possess high genetic variability
in these restoration projects. Cluster analysis of RAPD fragments has been used
to show relatedness among S. alterniflora accessions and may be helpful in
locating the most productive clones for mitigation efforts. O’Brian and
Freshwater (1999), using RAPD, showed that genetic variants of S. alterniflora
sampled along the Atlantic and Gulf coast, are grouped in three distinct clusters
related to geographic origin. This molecular characterization enables
classification and identification of S. alterniflora genotypes that respond
differently to environmental stress like oil and fire treatments (Smith and Proffitt,
1999).
One of the newer molecular marker techniques is the AFLP method
developed by Vos et al.(1995). This method combines the use of restriction
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enzymes and PCR. In this technique the DNA is cut with restriction enzymes,
and double stranded adaptors are ligated to the end of the DNA fragments to
produce template DNA for amplification. DNA digestion is performed using
enzyme combination of Eco RI and Mse I. A two-step amplification strategy was
developed for fingerprinting complex genomes. The first step is pre-amplification
where the genomic DNA is amplified using primers with one selective nucleotide.
PCR products are used as templates for a second amplification, this time, using
primers with three selective nucleotides. This two-step amplification has been
proven to reduce background smears in the fingerprinting process of (Vos et al.,
1995). AFLP has been used extensively for genetic fingerprinting and genetic
analysis (Tohme, 1996; Maughan, 1996; Breyne et al., 1999; Erschadi et al.,
2000) and is now one of the most frequently used molecular marker technologies
in modern crop improvement research. AFLP has also been used with molecular
phylogeny (Kardolus et al., 1998), cultivar identification (McGregor et al., 2002;
Fajardo et al., 2002), construction of linkage maps (Xu et al., 2000; Barley (Vaz
Patto et al., 2003), and for marker saturation (Maheswaran et al.,1997; Lahaye et
al., 1998; Bendahmane et al., 1997).
Bioinformatics and statistical genomics are recent disciplines useful for the
management and analysis of genomic information (Baldi and Brunack, 1998;
Durbin et al., 1998). The increased availability of molecular marker-based tools
for the characterization of plant populations has promoted the development of
more efficient methods to deal specifically with genomic information in the
context of plant breeding. The use of molecular markers for analysis of genetic
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relationships is based on the identification of specific positions in the DNA of a
particular genotype, providing a framework for estimation of similarity among
individuals (Beckmann and Soller, 1986).
The molecular “fingerprinting” based on characterization of marker profiles
can be further used in genetic analysis providing a direct, reliable, and efficient
approach to assess genetic variation for germplasm conservation and
enhancement (Mohan et al., 1997). However, despite the large potential of using
these procedures for tagging positive alleles from parents in a cross and using
them in selection, these procedures are not yet a common feature of most
breeding programs worldwide (Stuber et al., 1999). This may be due primarily to
the constraints associated with producing, managing, and generating useful
information from populations, which requires consistent data collection at both
molecular and agronomic levels. But, it is possible that simplified methods to
explore the relationship between marker profiles and quantitative traits will help
implement a strategy for employing markers in practical breeding programs. The
interpretation of differences among plants from different source populations can
be simplified by using exploratory techniques, such as cluster analysis; to assess
similarity based both on agronomic and molecular data.
Information on genetic diversity is important to plant breeders since such
data can be used to determine the degree of relatedness among genotypes and
is useful for selecting parents for making crosses and identifying useful genetic
materials for future conservation and utilization. The application of PCR-based
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markers is particularly important in plant species that have been previously
classified primarily by morphological characteristics or geographical distribution.
The objectives of this study were to assess variability at the molecular
level among selected genotypes of S. alterniflora used to develop improved
populations, and to explore potential associations between similarity patterns
using morphological and molecular data from these genotypes
4.2 Materials and Methods
4.2.1 Sample Collection and DNA Extraction
Young leaf samples were collected from 40 selected cycle 2 plants
actively growing at the LSU AgCenter Ben Hur Research Farm in Baton Rouge,
Louisiana. Each leaf sample was collected individually and placed into sealable
plastic bags. Samples were immediately placed on ice and then stored at –80o C
until DNA isolation. Leaf tissues were cut into 5 mm pieces and ground to fine
powder with a mortar and pestle using liquid nitrogen. Ground samples were
stored at –80o C in 50 ml centrifuge tubes (Corning Incorporated, Corning
430290). Genomic DNA was isolated from frozen ground leaves using a
modified potassium-acetate method (Tai and Tanksley, 1990) optimized for use
on S. alterniflora. Centrifuge tubes (50 ml) were filled with ground leaf powder up
to 7-8 ml level and placed on ice. Fifteen ml of extraction buffer, preheated to
65o C, was added to each sample tube and mixed well by inverting the tubes
several times manually. Samples were incubated for 25 minutes at 65o C to lyse
the cell wall, before adding 5 ml of 5M potassium acetate and incubating on ice
for an additional 20 minutes. Samples were then centrifuged for 15 min at 3000
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rpm to separate leaf tissue from the supernatant containing the DNA. The
supernatant was filtered into a new 50 ml centrifuge tube using a mira cloth (Cat.
No. 475855, Calbiochem LaJolla, CA). To precipitate the DNA, 2/3 volume of
pre-chilled isopropanol was added and the samples were incubated at room
temperature for 2 hours, followed by centrifugation at 3000 rpm for 10 minutes to
pellet the DNA. The DNA pellet was washed using 70% Ethanol and dried for 1
hour. One ml of TE Buffer was used to re-suspend and dissolve the pellet.
Fifteen microliters of RNAse was added to the samples and incubated at 37o C
for 30 minutes to remove the contaminating RNA. With the objective to increase
the quality of the DNA, 1ml of TE was added after the RNAse treatment and an
equal volume of Phenol: Chloroform:Iso-amyl alcohol (25:24:1) was added.
Samples were mixed by inverting several times, and then centrifuged for 15
minutes at 3000 rpm to separate the two layers. The upper layer was transferred
to a new tube, followed by a second extraction with Chloroform:Iso-amyl alcohol
(24:1).
Sample volumes were measured and 1/10 volume of 3M Sodium Acetate
and 2 volumes of pre-chilled absolute ethanol were added. Tubes were mixed
gently and incubated at 4o C overnight to allow DNA precipitation. The tubes
containing the DNA pellet were centrifuged at 3000 rpm for 10 min, the
supernatant discarded, and the DNA pellet washed using 70% ethanol. The
tubes were placed upside down on paper towels to purge excess ethanol and to
air-dry the pellet. The pellet was re-suspended in 150 µl of TE buffer and
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incubated overnight for complete dissolution, and then stored at -20o C.
Preparation of the solutions used for DNA isolation is described in appendix 4.1.
DNA quality and quantity was determined by running a small aliquot of
DNA on a 1% agarose along with a standard DNA of known concentration. The
agarose gel image allowed inspection of the integrity of the DNA. The
concentration of genomic DNA was estimated by comparing the size and
intensity of each sample band with those of the sizing standard (DNA mass
ladder GIBCO).
4.2.2 RAPD Analysis
4.2.2.1 Optimization of RAPD Protocol
Optimization of the protocol was accomplished following Daehler et al.
(1999), using DNA samples from two plants, M-4 (accession 7, plant 8) and M-26
(accession 47, plant 5). Variable concentrations of template DNA, MgCl2, TAQ
polymerase, and dNTPs were tried in different combinations in PCR reactions to
obtain amplification of RAPD fragments. Based on preliminary results, the final
volume for the PCR reaction was adjusted to 15 µl containing 1.5 µl MgCl2 free
10X PCR reaction buffer A, 0.6 µl Taq polymerase, 1µl of 15 picomoles primer,
1.8µl of 25 mM MgCl2, 0.3 µl of 2.0 mM dNTPs, and 30 ng genomic DNA. All
components of PCR reaction such as dNTPs, Taq polymerase, PCR reaction
buffer and MgCl2 were obtained from Promega Inc., Madison, Wisconsin, except
the RAPD primers which were procured from Operon Technologies, Alameda,
CA. All reactions were repeated at least twice to confirm consistency. Following
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electrophoresis on 1.5% agarose gels, DNA was stained with ethidium bromide
and visualized under UV transilluminator.
After optimizing the protocol for PCR reaction, two different procedures of
thermal cycles (Stiller and Denton, 1995; Daehler et al., 1999) were tested using
six primers (OPD-1, OPD-5, OPD-10, OPD-15, OPD-20 and OPB-8) and DNA
samples from two individuals. The PCR profile proposed by Stiller and Denton,
(1995), was 1 cycle, 94 oC, 3 min; 45 cycles, 94 oC, 45 sec; 35 oC, 90 sec; 72 oC,
120 sec; 1 cycle, 72 oC, 5 min. The PCR profile suggested by Daehler et al.,
(1999) was 1 cycle, 94 oC, 90 sec; 42 oC, 30 sec ; 72 oC, 65 sec; 44 cycles, 94
o

C, 15 sec; 42 oC, 30 sec; 72 oC, 65 sec; 1 cycle, 72 oC, 4 min. After both

portocolos were tested the PCR profile proposed by Stiller and Denton, (1995)
were used to generate the RAPD data.
A total of 80 primers from Operon RAPD primer kits, B, D, J, X (Operon
Technologies, Alameda, CA; 20 primers per kit) were used for identifying primers
yielding clear and reproducible amplification products. All reactions were carried
out on a PTC-100 Programmable Thermal Cycler (MJ Research, Inc.) using the
following profile; 1 cycle, 94 oC, 3 min; 45 cycles, 94 oC, 45 sec; 35 oC, 90 sec;
72 oC, 120 sec; 1 cycle, 72 oC, 5 min. After selecting the primers that gave a
clear pattern of bands (Table 4.1), the 40 DNA samples were run using the
selected primers under the optimal PCR condition described previously.
Thirteen microliters of each sample were mixed with 2 µl of loading buffer
(0.21% Bromophenol Blue, 0.21% Xylene Cyanol FF, 0.2 M EDTA, pH 8.0 and
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50% Glycerol in Molecular Biology Grade Water) and the sample was
electrophoretically separated in a 2% agarose gel in 0.5X TBE buffer.
Table 4.1 List of Operon primers selected for RAPD analysis in Spartina
alterniflora.
Operon Primer Sequence

Operon Primer

Sequence

OPB-03

5'-CATCCCCCTG-3'

OPD-13

5'-GGGGTGACGA-3'

OPB-04

5'-GGACTGGAGT-3'

OPD-16

5'-AGGGCGTAAG-3'

OPB-08

5'-GTCCACACGG-3'

OPD-20

5'-ACCCGGTCAC-3'

OPB-10

5'-CTGCTGGGAC-3'

OPJ-06

5'-TCGTTCCGCA-3'

OPB-20

5'-GGACCCTTAC-3'

OPJ-10

5'-AAGCCCGAGG-3'

OPD-03

5'-GTCGCCGTCA-3'

OPX-05

5'-CCTTTCCCTC-3'

OPD-05

5'-TGAGCGGACA-3'

OPX-10

5'-CCCTAGACTG-3'

The samples were run at 100-110V for 3 hours and the resulting gels were
visualized under the UV transilliminator. The amplification patterns were saved
and printed on a Mitsubishi thermal paper attached to a Gel Doc 100 (Bio-RAD)
and a video copy processor system operated by the software Molecular Analyst
(Figure 4.1). The amplified DNA fragments were scored for the presence (1) or
absence (0) of markers. Only clearly amplified fragments of medium or high
intensity were scored.
4.2.2.2 RAPD Data Analysis
RAPD data was first analyzed for variety-specific DNA markers which
could be used to genetically fingerprint S. alterniflora accessions. The
coefficients of genetic similarity for all pair-wise comparisons were computed
using Jaccard’s coefficient (Jacccard, 1908), and then the distance matrix was
subjected to cluster analysis by the Unweighted Paired Group Method using
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Arithmetic Average (UPGMA) to produce a dendrogram, following UPGMA, with
NTSYS-PC software version 2.01 (Rohlf, 1993).

M

1

2

3

4

5

6

7

8

9

10 11 12 13 14

M=Molecular marker (Kb ladder from Invitrogen, Inc.,). Lines 1-14 (98NR7_8, 98NR7_12, 98NR7_14,
98NR7_15, 98NR 7_16, 98NR8_4, 98NR8_5, 98NR8_12, 98NR8_13, 98NR8_17, 98NR26_3,
98NR26_4,98NR26_10, 98NR26_13)

Figure 4.1 Amplified products of selected cycle 2 Spartina alterniflora plants,
using primer OPB10, showing polymorphism for DNA banding patterns.
4.2.3 AFLP Analysis
4.2.3.1 Template Preparation of Genomic DNA
During the process of DNA isolation previously described, it is possible
that contaminating molecules could be co-purified together with the DNA. Since
the AFLP protocol requires very high quality DNA for proper digestion, the ratio of
contaminants to DNA is very critical. To insure that DNA preparations of the 40
samples were of sufficient quality to allow complete digestion by the restriction
enzymes, DNA concentrations were determined using a spectrophotometer and
the quality and concentration of DNA were estimated using agarose gel. A small
aliquot of DNA was run on a 1% agarose gel next to a series of phage λ DNA
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dilutions ranging from 50 ng to 500 ng. The resulting agarose image allowed
visual inspection of DNA integrity. If a substantial smearing appeared below the
main band of high molecular weight DNA, the sample DNA quality was not
considered suitable for amplified fragment length polymorphism (AFLP)
fingerprinting (Figure 4.2).

DNA samples

Figure 4.2 Agarose gel showing high quality undigested DNA suitable
for AFLP procedures.
4.2.3.2 Amplified Fragment Length Polymorphism Procedure
The AFLP analysis was conducted according to Vos et al. (1995) with
minor modifications. The method included the following steps: restriction
digestion of genomic DNA, ligation of adaptors, pre-amplification, and selective
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AFLP amplification. Twenty primer combinations were used to generate AFLP
data (Table 4.2).
Table 4.2 Adapters and primers used for pre-amplification and selective
amplification for AFLP assay.
Primer/Adapter

5’-3’ Sequence

Pre amplification
Eco RI adapter

CTCGTAGACTGCGTACC
CATCTGACGCATGGTTAA

Mse I adapter

GACGATGAGTCCTGAG
TACTCAGGACTCAT

Selective amplification primers
Eco RI primer
E-A

GACTGCGTACCAATTCA

E-AAG

GACTGCGTACCAATTCAAG

E-AAC

GACTGCGTACCAATTCAAC

E-ACA

GACTGCGTACCAATTCACA

E-ACC

GACTGCGTACCAATTCACC

E-ACG

GACTGCGTACCAATTCACG

E-ACT

GACTGCGTACCAATTCACT

E-AGC

GACTGCGTACCAATTCAGC

E-AGG

GACTGCGTACCAATTCAGG

Mse I primer
M-C

GATGAGTCCTGAGTAAC

M-CAA

GATGAGTCCTGAGTAACAA

M-CAC

GATGAGTCCTGAGTAACAC

M-CAG

GATGAGTCCTGAGTAACAG

M-CAT

GATGAGTCCTGAGTAACAT

M-CTA

GATGAGTCCTGAGTAACTA

M-CTC

GATGAGTCCTGAGTAACTC

M-CTG

GATGAGTCCTGAGTAACTG

M-CTT

GATGAGTCCTGAGTAACTT
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4.2.3.2.1. Restriction Digestion of Genomic DNA and Ligation of Adaptors
Genomic DNA was digested with restriction enzymes in a 30 µL reaction
containing 6 µL 5x RL buffer, 0.4µL Eco RI, 0.5µL Mse I, 8.2 µL H2O and 15 µL
DNA(80 to 100 ng). The sample solution was mixed gently and incubated at 37
ºC for 2 hours, then incubated for 15 minutes at 70 ºC to inactivate the restriction
enzymes. Then the samples were placed on ice for the following step. The
adaptors were ligated to the 20 µL of the digested genomic DNA by adding 1 µL
Eco RI-adapter (5 pmol), 1 µL Mse I-adapter (50 pmol), 6 µL 5x RL buffer, 0.2 µL
of 1 unit T4 DNA ligase, 1.8 µL H2O, mixing gently, and incubating for 2 hours at
20 ºC. The PCR thermocycler was programmed to perform the incubation steps
described above. After ligation, the reaction mixture was diluted 1:10 with TE
buffer (10 mM Tris-HCl pH 8.0, 0.1 mM EDTA). The diluted reaction mixture was
used directly as template DNA for the AFLP reactions. Both diluted DNA and
undiluted DNA were stored at -20º C.
4.2.3.2.2. AFLP Pre-amplification
The pre-amplification reaction was performed in 30 µL reaction volumes
containing the following components: 5 µL template-DNA, 1 µL EcoRI-primer +A
(50µM), 1 µL MseI-primer +C (50µM), 3.25 µL 2 mM dNTPs, 0.6 µL 25mm
MgCl2, 0.2 µL Taq polymerase (5 unit), 3 µL 10x PCR-buffer, 15.95 µL H2O.
For pre-amplification, 20 PCR cycles were performed using the following
profile: 30 seconds denaturation at 94 ºC; 60 seconds annealing at 56 ºC, and 60
seconds extension at 72 ºC. After pre-amplification, 12 µL of the reaction was
used to check the quality of the digestion by running an agarose gel (1.5%)
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(Figure 4.3). Ten µL of the reaction was diluted with 190 µL of TE for use in
selective amplification reactions. The dilution factors of the pre-amplification
DNA varied, depending on templates.
Marker

Pre-amplification products

1000 bp
450 bp

100 bp

Figure 4.3. Agarose gel showing preamplification products with a visible
smear in the 100 to 450 bp in selected Spartina alterniflora DNA
4.2.3.2.3. Selective AFLP Amplification
Three AFLP primers were used, two of which were IRDye labeled, to
perform the selective amplification procedure. This duplex amplification was
done using the AFLP protocol developed for LiCOR selective amplification kits.
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Labeled primers were used because they gave better resolution of PCR products
on the polyacrylamide gels.
AFLP reaction mixes were used because they are more reliable and
reproducible than single reactions. They also facilitated the assembly of the
AFLP reactions, helped guarantee accurate pipetting and allowed a more rapid
start of the AFLP reaction once all reagents had been pipetted. The reaction
components (10.5 µL total volume) included 1.2 µL 10X amplification buffer
containing MgCl2, 0.06 µL Tag DNA polymerase (5 units/µL Promega Inc.) 1.5 µL
diluted pre-amplification DNA, 2 µL Mse I primer, 0.25 µL IRDye 700 labeled
Eco RI primer-A, and 0.25 µL IRDye 800 labeled Eco RI primer-B in 5.24
deionized water .
The PCR program used to perform the selective amplification reactions
was: one cycle of 94 ºC for 30 seconds, 65 ºC for 30 seconds, and 72º C for 1
minute; 12 cycles of subsequently lowering the annealing temperature by 0.7º C
per cycle; 23 cycles of 94º C for 30 seconds, 56º C for 30 seconds, and 72º C for
1 minute. Five µL of loading dye (stop solution provided by LiCOR) was added
immediately and before storage at –20° C.
4.2.3.3 Gel Analysis of AFLP Reaction Products
The AFLP reaction products were analyzed using a Li-COR DNA
sequencer. For AFLP gel electrophoresis, 6.5 % KBPLUS gel polyacrylamide (LiCOR) was used. This polyacrylamide gel included 52.5 g urea, 0.375 g bisacrylamide, 7.12 g acrylamide and 1.825 g 20X glycerol. Gels were cast using
the instructions of the manufacturer. The gels were cast at least 2 hours before
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use and were focused by pre-run for 25 minutes before loading the samples.
The pre-running and running electrophoretic conditions were performed at 1500
V, 40W, 40 mA,. 45 oC, and 4 scan speed as recommended by LiCOR. Trisborate-EDTA (TBE) buffer (1X) was used for pre-running and running. The
purpose of pre-running was to “warm up” the gel to about 45 ºC. This
temperature was maintained throughout electrophoresis, resulting in even heat
distribution and good quality fingerprints.
The AFLP reaction products were denatured by heating the resulting
mixtures for 3 min at 90º C and then quickly cooled on ice before loading the gel.
To remove urea precipitate or pieces of gel, gel wells were completely rinsed
prior to loading by flushing them with buffer using a 20 cc syringe. Then 0.8 µL
of each denatured sample and 0.8µL of the molecular sizing standard (50-700
bp) was loaded in the designated lanes. Molecular sizing standards were located
every 8 DNA samples to determine band size, to adjust for uneven band
migration on the gel (necessary for GeneImage IR software), and to facilitate
different gel comparisons. Samples were electrophoresed for 3 hours to resolve
fragments up to 700 bp. The IRDye labeled AFLP data (real-time TIF images)
were automatically collected and recorded during electrophoresis. A composite
image of the gel was recorded as a 16 bit TIF image file for later analysis (Figure
4.4).
For automated data, the image files were analyzed using Gene Image IR
software. The AFLP fragments were scored using the following parameters:
Median filter = Yes
Band peak height threshold (% max intensity) = 2 (0.015-0.02)
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Trace smoothing factor = 3
Tolerance = 0.2
Correct inflated bins automatically = YES
Extended PAUP Absence/presence table = YES

M

M

M

M

M

M

Figure 4.4. A representative gel showing segregation of AFLP among 40
Spartina alterniflora cycle 2 plants and ‘Vermilion’. M represents sizing
marker and DNA samples were located between marker lanes.
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The ‘Edit detected bands’ command was used to manually delete artifacts
scored as bands and to score some bands not detected by the Gene Imag IR
software. The calibrate MW/pI and Edit MW/pI standards commands were used
to adjust for non alignment of the gel bands. After scoring the bands, the Match
bands command from the Analyze menu was used with the Match tolerance
option. The experiments were saved as EXP files (Gene ImagIR software, LICOR). The data base manager program was used to convert the EXP files into
text files containing numerical data. The image was then used to score for
presence (1) and for absence (0) of bands on an Excel® spreadsheet program.
4.2.4 Genetic Diversity Analysis
The data matrix obtained was analyzed as follows; 1) genetic distances were
calculated using Jaccard’s coefficient of similarity, (Jaccard, 1908) 2) distance
matrices were computed and cluster analysis was done by the Unweighted
Paired Group Methods of Arithmetic Average (UPGMA) (Sneath and Sokal,
1973), and (3) dendrograms were created with the Tree command of NTSYS. All
analyses were performed using NTSYS software version 2.01 (Rolf, 1993).
Cluster analysis had been shown to be an effective technique to analyze
relatedness using molecular data (Jacobson et al. 1993; Levitan and Grosberg,
1993; O’Brien and Freshwater, 1999; McGregor et al. 2002; Perkins et al. 2002).
4.2.5 Comparison with Agronomic Data
A total of 40 plants from 9 accessions were selected as representative of
desirable combinations of plant growth and reproductive traits. The
morphological data from these 40 plants, generated from two field experiments
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reported in chapter 3, was used to compare with the molecular data. The traits
included were plant height, spread (area; expressed as an estimation of the area
covered by a plant), tiller density, 1000-kernel weight, seed set, and percent
germination.
4.3 Results and Discussion
4.3.1 RAPD Analysis
4.3.1.1 Primer Screening and Variety Fingerprinting
A total of 80 primers were screened for their ability to amplify the genomic
DNA in 40 S. alterniflora genotypes. Sixty-six of these primers amplified no
fragments or yielded smear. The remaining fourteen primers generated a total of
201 fragments with an average of 14 bands per primer (Figure 4.5; Table 4.3).
Some of the selected primers, such as OPB-4, 8, 10,20; OPD-5,16; OPJ-6; and
OPX-6, were the same used by Daeher and Strong (1997), O’Brien and
Freshwater (1999) and Ayres and Strong (2001).
Of the 201 DNA bands amplified by the 14 primers, approximately 86%
(174) showed polymorphism among the genotypes. The total number of DNA
fragments amplified with each primer was a little higher than that reported earlier.
Stiller and Denton (1995) reported 29 polymorphic RAPD fragments out of 70
bands (41% polymorphism) using 40 primer sets. However, O’Brien and
Freshwater (1999) reported 300 scorable bands, out of which 225 were
polymorphic (75%). The remainder of the bands was monomorphic for all
genotypes (Table 4.3). These results indicated that the level of DNA variation
was high among the 40 S. alterniflora plants selected in cycle 2.
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M

DNA Samples

M= molecular weight markers (1 kb ladder) Polymorphism in DNA banding patters was detected.

Figure 4.5 Amplified products of the selected 40 cycle 2 plants with primer
OPB4.
4.3.1.2 Cluster Analysis
The genetic similarity matrix of RAPD data for the S. alterniflora
accessions were constructed based on Jaccard’s coefficients. Genetic similarity
coefficients for the 40 sampled plants were estimated and the resulting 40x40
matrix is shown in Table 4.4. The genetic similarities ranged from 26% to 88%.
Genotypes with the greatest similarity were 98NR 7-14 and 98NR 7-15 (88%)
The similarity coefficient for genotypes 98NR 99-3 and 98NR 26-13 was the
lowest (26%). These distance estimates were then utilized for cluster analysis by
UPGMA method (Figure 4.6). Since the similarities among the genotypes were
low (range from 26 to 88%) the genetic distances of some of these genotypes
were high.
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Table 4.3 Polymorphism rate and number of total fragments generated by the
selected RAPD primers in 40 selected Spartina alterniflora cycle 2 plants.
Primer

Fragments/primer

Polymorphic

Polymorphism

Fragments

(%)

OPB3

13

10

77

OPB4

13

11

92

OPB8

12

12

100

OPB10

17

14

88

OPB20

16

15

94

OPD3

18

17

94

OPD5

15

13

93

OPD13

13

11

85

OPD16

17

15

89

OPD20

14

12

87

OPJ6

13

11

89

OPJ10

15

14

93

OPX6

12

11

92

OPX10

13

10

80

Total

201

176

86
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Table 4.4 Similarity coefficients between pairs of 40 selected Spartina alterniflora genotypes based on RAPD analysis
7 8
7 12
7 14
7 15
7 16
8 4
8 5
8 12
8 13
8 17
26 3
26 4
26 10
26 13
26 18
27 2
27 3
27 13
27 19
27 20
38 4
38 7
38 9
38 16
47 4
47 5
47 14
47 16
47 18
82 3
82 6
82 10
82 19
82 20
99 1
99 2
99 3
99 4
99 18
109 1

7 8
7 12 7 14 7 15 7 16 8 4
8 5
8 12 8 13 8 17 26 3 26 4 26 10 26 13 26 18 27 2 27 3 27 13 27 19 27 20
1.000
0.767 1.000
0.776 0.803 1.000
0.733 0.717 0.882 1.000
0.675 0.675 0.696 0.739 1.000
0.630 0.696 0.664 0.705 0.746 1.000
0.672 0.647 0.642 0.654 0.642 0.687 1.000
0.563 0.530 0.574 0.623 0.574 0.659 0.688 1.000
0.585 0.576 0.571 0.569 0.594 0.625 0.606 0.551 1.000
0.596 0.563 0.570 0.591 0.593 0.612 0.638 0.634 0.750 1.000
0.580 0.594 0.543 0.541 0.555 0.597 0.590 0.489 0.590 0.577 1.000
0.554 0.592 0.518 0.526 0.507 0.620 0.588 0.508 0.624 0.564 0.817 1.000
0.559 0.611 0.594 0.618 0.557 0.680 0.594 0.548 0.594 0.593 0.577 0.653 1.000
0.362 0.381 0.367 0.420 0.402 0.410 0.344 0.292 0.313 0.326 0.299 0.345 0.405 1.000
0.485 0.500 0.496 0.538 0.507 0.537 0.565 0.519 0.577 0.610 0.608 0.659 0.639 0.356 1.000
0.541 0.555 0.551 0.595 0.562 0.604 0.632 0.530 0.574 0.573 0.569 0.615 0.635 0.372 0.707 1.000
0.477 0.492 0.500 0.508 0.535 0.581 0.538 0.431 0.504 0.461 0.496 0.566 0.612 0.485 0.592 0.576 1.000
0.542 0.533 0.564 0.586 0.552 0.504 0.565 0.543 0.490 0.490 0.548 0.534 0.550 0.333 0.581 0.641 0.469 1.000
0.546 0.488 0.520 0.542 0.462 0.504 0.535 0.496 0.489 0.511 0.592 0.576 0.569 0.303 0.537 0.561 0.518 0.590 1.000
0.587 0.492 0.571 0.569 0.478 0.474 0.515 0.500 0.504 0.560 0.543 0.540 0.545 0.351 0.590 0.504 0.547 0.552 0.630 1.000
0.567 0.520 0.590 0.615 0.528 0.585 0.496 0.504 0.542 0.541 0.523 0.545 0.603 0.327 0.508 0.531 0.451 0.520 0.550 0.579
0.551 0.504 0.549 0.586 0.500 0.520 0.515 0.538 0.551 0.587 0.496 0.516 0.574 0.318 0.492 0.528 0.421 0.504 0.505 0.563
0.508 0.426 0.485 0.492 0.433 0.460 0.458 0.496 0.511 0.521 0.430 0.456 0.504 0.273 0.478 0.457 0.381 0.456 0.417 0.554
0.551 0.519 0.550 0.597 0.515 0.511 0.529 0.565 0.563 0.597 0.500 0.508 0.585 0.303 0.555 0.530 0.398 0.508 0.521 0.588
0.614 0.579 0.611 0.585 0.563 0.559 0.587 0.566 0.599 0.620 0.536 0.580 0.598 0.336 0.568 0.543 0.516 0.522 0.549 0.563
0.566 0.533 0.576 0.574 0.475 0.482 0.543 0.474 0.500 0.531 0.472 0.522 0.563 0.322 0.500 0.544 0.447 0.522 0.512 0.470
0.556 0.548 0.534 0.510 0.493 0.530 0.556 0.473 0.536 0.535 0.510 0.604 0.542 0.307 0.549 0.547 0.469 0.538 0.507 0.479
0.519 0.500 0.496 0.526 0.475 0.537 0.565 0.555 0.510 0.576 0.537 0.619 0.563 0.333 0.581 0.544 0.469 0.489 0.537 0.481
0.550 0.518 0.537 0.581 0.482 0.544 0.619 0.527 0.486 0.549 0.522 0.577 0.570 0.376 0.553 0.598 0.477 0.530 0.508 0.500
0.503 0.429 0.493 0.521 0.473 0.531 0.558 0.570 0.527 0.578 0.521 0.528 0.521 0.311 0.497 0.517 0.427 0.486 0.508 0.533
0.485 0.436 0.485 0.504 0.464 0.450 0.500 0.485 0.500 0.511 0.450 0.489 0.448 0.328 0.523 0.500 0.468 0.489 0.513 0.492
0.496 0.489 0.476 0.461 0.455 0.452 0.500 0.433 0.490 0.500 0.504 0.522 0.471 0.294 0.428 0.459 0.426 0.500 0.488 0.449
0.587 0.551 0.559 0.544 0.500 0.519 0.561 0.454 0.471 0.526 0.508 0.552 0.484 0.351 0.470 0.527 0.425 0.470 0.431 0.460
0.550 0.541 0.537 0.522 0.451 0.522 0.572 0.460 0.456 0.507 0.522 0.519 0.489 0.298 0.454 0.486 0.422 0.424 0.427 0.434
0.541 0.532 0.497 0.514 0.476 0.514 0.586 0.541 0.490 0.531 0.569 0.579 0.471 0.277 0.489 0.543 0.407 0.533 0.477 0.449
0.485 0.478 0.496 0.504 0.423 0.471 0.556 0.508 0.522 0.521 0.482 0.467 0.481 0.294 0.424 0.478 0.412 0.478 0.525 0.469
0.548 0.527 0.559 0.569 0.511 0.485 0.635 0.537 0.482 0.493 0.531 0.492 0.496 0.261 0.504 0.504 0.414 0.504 0.492 0.496
0.325 0.268 0.319 0.333 0.246 0.254 0.331 0.276 0.310 0.302 0.339 0.330 0.342 0.267 0.319 0.303 0.296 0.297 0.392 0.375
0.508 0.547 0.485 0.481 0.555 0.515 0.545 0.462 0.479 0.533 0.527 0.512 0.528 0.269 0.466 0.489 0.456 0.455 0.526 0.423
0.475 0.468 0.442 0.460 0.488 0.427 0.459 0.416 0.366 0.428 0.417 0.400 0.447 0.340 0.456 0.469 0.496 0.456 0.439 0.398
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Table 4.4 continued
38_4 38_7 38_9 38_16 47_4 47_5 47_14 47_16 47_18 82_3 82_6 82_10 82_19 82_20 99_1 99_2 99_3 99_4 99_18 109_1
27_20
38_4
38_7
38_9
38_16
47_4
47_5
47_14
47_16
47_18
82_3
82_6
82_10
82_19
82_20
99_1
99_2
99_3
99_4
99_18
109_1

1.000
0.763
0.673
0.682
0.582
0.532
0.548
0.520
0.553
0.562
0.496
0.462
0.429
0.458
0.441
0.496
0.452
0.337
0.425
0.388

1.000
0.673
0.748
0.580
0.568
0.522
0.568
0.617
0.571
0.504
0.469
0.471
0.476
0.458
0.479
0.483
0.396
0.419
0.405

1.000
0.693
0.546
0.535
0.528
0.478
0.543
0.586
0.500
0.436
0.382
0.474
0.417
0.422
0.446
0.324
0.340
0.344

1.000
0.642
0.555
0.546
0.592
0.563
0.582
0.544
0.507
0.443
0.460
0.496
0.520
0.549
0.370
0.462
0.383

1.000
0.643
0.662
0.683
0.588
0.606
0.608
0.544
0.527
0.496
0.532
0.511
0.459
0.311
0.511
0.445

1.000
0.715
0.686
0.667
0.596
0.547
0.522
0.492
0.553
0.469
0.467
0.416
0.330
0.455
0.444

1.000
0.770
0.659
0.628
0.572
0.580
0.543
0.534
0.497
0.466
0.401
0.293
0.456
0.386

1.000
0.723
0.644
0.650
0.592
0.552
0.553
0.522
0.500
0.448
0.330
0.489
0.422

1.000
0.639
0.579
0.541
0.585
0.585
0.507
0.463
0.444
0.375
0.390
0.397

1.000
0.563
0.538
0.533
0.546
0.527
0.551
0.448
0.350
0.475
0.434

1.000
0.583
0.469
0.474
0.427
0.466
0.480
0.387
0.400
0.467

1.000
0.481
0.475
0.511
0.621
0.459
0.357
0.489
0.370

1.000
0.573
0.527
0.469
0.438
0.362
0.391
0.354

1.000
0.518
0.442
0.466
0.283
0.431
0.386

1.000
0.581
0.563
0.293
0.534
0.414

1.000
0.580
0.361
0.488
0.364

1.000
0.324 1.000
0.581 0.220 1.000
0.536 0.236 0.602 1.000

The genotypes on this chapter were denominated with an abbreviation of the denomination given before. The first number
corresponded to the original accession and the second number correspond to the selected genotype within the accession
(38-4 represents the genotype 98NR 38-4).
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Figure 4.6. Cluster analysis of 40 selected Spartina alterniflora cycle 2 plants
based on RAPD data.
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The cophenetic value matrix was used to test the goodness of fit of the
cluster analysis to the data. The MXCOMP module was used to compare the
original similarity or dissimilarity matrix that was clustered with the cophenetic
value matrix. The program computes the product-moment correlation, r, and the
Mantel test statistic (Mantel, 1967) Z, to measure the degree of relationship
between the two matrices. The goodness of fit of the UPGMA dendrogram based
on the RAPD data was high (r=0.86) indicating a good fit (0.8 ≤ r < 0.9).
Cluster analysis has proven to be an effective technique to analyze
relatedness using RAPD data (Jacobson et al., 1993; Levitan and Grosberg
1993). Results from cluster analysis are shown in Figure 3.6. Several clusters
were detected with different levels of differentiation among plants. The maximum
distance among plants from different clusters was between genotypes 98NR
99_3 and 98NR 26_13, and the minimum distance between 2 genotypes from
the same cluster was 98NR 7-15 and 98NR 7-14. Two well defined clusters
could be delineated with a cut-off value for distance among clusters of 0.56. The
rest of the accessions grouped into small clusters of 1 or 2 genotypes.
4.3.2 AFLP Analysis
4.3.2.1 Primer Screening and Variety Fingerprinting
Sixty four primer combinations were screened by selective amplification
using parental template DNA. Of these, 26 gave reliable and reproducible
polymorphism (Table 4.5). The other combinations either gave less than four
polymorphic bands or did not amplify clear and scoreable bands. Selected
primers yielded an average of 93 markers. A total of 708 polymorphic markers
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were scored. The number of AFLP fragments ranged from 58 to 134 with a
mean of 93.
4.3.2.2 Cluster Analysis
The molecular markers generated in this experiment were sufficient to
differentiate all the 41 genotypes. The genetic similarity was calculated using
Jaccard’s coefficient using all 708 molecular markers, creating a 41 x 41
similarity matrix (Table 4.6). Values ranged from 0.220 to 0.885. The highest
level of similarity was between 98NR 7_14 and 98NR 7_15 and the lowest was
between 98NR 109_1 and Vermilion. A comparison between the similarity
matrices was made using NTSYS software (MXCOMP option). This method was
used to determine the product correlation and the Mantel test of statistics as
described previously for RAPDs. This procedure determined the goodness of the
dendrogram fit, which in this case was very high (r=0.94).
The AFLP-based UPGMA dendogram is represented in Figure 4.7. At the
0.53 level of similarity, two well defined clusters were apparent, but the rest of the
genotypes did not cluster into large groups and consisted of two or three
genotypes usually defined by the original collection. Cluster 1 contained 18
genotypes, which came from contiguous parishes of Lafourche and Terrebonne,
while cluster 2 contained 11 genotypes from contiguous parishes Cameron and
Vermilion. From the cluster analysis it was possible to determine that “Vermilion”
is genetically different from the rest of the genotypes used for this study. It can
be concluded further that any of the collected material was not a clone of the
Vermilion genotype.
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Table 4.5 AFLP Polymorphism for selected primer combinations.
Selective nucleotides
Name

MseI

EcoRI

C01

CAA

Number of bands
Total

Polymorphic

Polymorphism (%)

ACA

72

22

31

C02

ACC

70

18

26

C03

ACG

72

30

42

C04

AGC

84

20

24

AAC

94

24

26

C06

ACT

58

20

35

C07

ACG

64

28

44

AAC

90

28

31

AAG

80

20

25

AAG

104

30

29

C11

ACA

90

24

27

C12

ACT

114

34

30

C13

ACC

90

22

24

C14

ACG

94

38

40

C15

AGG

84

24

29

ACT

64

18

28

ACA

110

26

24

AAC

98

34

35

AAG

100

26

26

AAC

116

32

28

C21

ACC

108

40

37

C22

ACG

104

36

35

C23

AGC

98

20

20

AAC

122

28

23

C25

ACT

116

34

29

C26

AGC

134

32

24

2430

708

30

C05

C08

CAC

CAG

C09
C10

C16

CAT

CTA

C17
C18

CTC

C19
C20

C24

Total

CTG

CTT
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Table 4.6 Similarity coefficients between pairs of 40 selected S. alterniflora genotypes and Vermilion based on AFLPs
7_12
7_14
7_15
7_16
8_4
8_5
8_12
8_13
8_17
26_3
26_4
26_10
26_13
26_18
27_2
27_3
27_13
27_19
27_20
38_4
38_7
38_9
38_16
47_4
47_5
47_14
47_16
47_18
82_3
82_6
82_10
82_19
82_20
99_1
99_2
99_3
99_4
99_18
109_1
Verm

7 8
0.775
0.757
0.721
0.682
0.643
0.647
0.533
0.578
0.590
0.601
0.571
0.569
0.352
0.485
0.542
0.453
0.519
0.528
0.568
0.569
0.560
0.481
0.553
0.588
0.549
0.541
0.506
0.538
0.497
0.452
0.477
0.597
0.529
0.522
0.487
0.537
0.324
0.513
0.466
0.418

7 12 7 14 7 15 7 16 8 4
8 5
8 12 8 13 8 17 26 3 26 4 26 10 26 13 26 18 27 2 27 3 27 13 27 19 27 20
1.000
0.780 1.000
0.708 0.885 1.000
0.671 0.688 0.723 1.000
0.697 0.671 0.705 0.768 1.000
0.638 0.613 0.633 0.652 0.677 1.000
0.506 0.532 0.581 0.544 0.618 0.656 1.000
0.561 0.540 0.547 0.595 0.627 0.585 0.536 1.000
0.564 0.561 0.587 0.598 0.620 0.624 0.606 0.755 1.000
0.613 0.551 0.549 0.589 0.632 0.579 0.473 0.599 0.592 1.000
0.603 0.512 0.528 0.533 0.633 0.578 0.497 0.638 0.582 0.817 1.000
0.601 0.587 0.617 0.568 0.675 0.577 0.533 0.598 0.590 0.591 0.678 1.000
0.359 0.356 0.399 0.373 0.385 0.323 0.259 0.313 0.333 0.297 0.349 0.401 1.000
0.488 0.485 0.528 0.515 0.545 0.541 0.506 0.599 0.620 0.602 0.667 0.655 0.359 1.000
0.544 0.541 0.586 0.561 0.611 0.606 0.500 0.571 0.573 0.564 0.611 0.631 0.368 0.684 1.000
0.457 0.481 0.487 0.531 0.563 0.512 0.419 0.515 0.466 0.497 0.562 0.603 0.465 0.615 0.572 1.000
0.512 0.537 0.554 0.539 0.488 0.538 0.503 0.472 0.467 0.533 0.540 0.548 0.327 0.570 0.609 0.472 1.000
0.480 0.507 0.535 0.453 0.503 0.510 0.479 0.485 0.506 0.574 0.573 0.571 0.303 0.552 0.553 0.529 0.559 1.000
0.481 0.567 0.565 0.464 0.467 0.482 0.470 0.494 0.552 0.522 0.539 0.547 0.361 0.592 0.485 0.549 0.536 0.620 1.000
0.520 0.589 0.610 0.519 0.583 0.473 0.480 0.521 0.534 0.513 0.540 0.603 0.338 0.520 0.532 0.447 0.497 0.549 0.581
0.510 0.548 0.590 0.500 0.533 0.510 0.532 0.551 0.584 0.513 0.541 0.606 0.323 0.510 0.542 0.427 0.497 0.515 0.560
0.405 0.454 0.459 0.408 0.444 0.417 0.464 0.480 0.491 0.419 0.448 0.490 0.280 0.466 0.436 0.372 0.427 0.388 0.528
0.516 0.541 0.591 0.515 0.518 0.515 0.547 0.554 0.576 0.491 0.506 0.584 0.297 0.545 0.527 0.394 0.484 0.510 0.563
0.550 0.576 0.564 0.548 0.552 0.557 0.542 0.587 0.599 0.515 0.570 0.599 0.336 0.570 0.533 0.500 0.500 0.538 0.557
0.513 0.558 0.566 0.459 0.479 0.512 0.447 0.480 0.500 0.462 0.513 0.559 0.331 0.494 0.533 0.444 0.491 0.507 0.477
0.525 0.506 0.486 0.500 0.527 0.541 0.449 0.551 0.529 0.511 0.607 0.550 0.307 0.561 0.544 0.489 0.540 0.503 0.485
0.482 0.479 0.513 0.474 0.530 0.545 0.529 0.529 0.568 0.530 0.608 0.565 0.331 0.587 0.539 0.478 0.488 0.545 0.484
0.512 0.527 0.573 0.486 0.551 0.604 0.503 0.497 0.552 0.533 0.589 0.577 0.375 0.559 0.607 0.472 0.528 0.517 0.497
0.427 0.489 0.520 0.484 0.537 0.533 0.546 0.544 0.572 0.511 0.535 0.542 0.319 0.509 0.528 0.446 0.480 0.494 0.540
0.406 0.462 0.485 0.457 0.451 0.466 0.453 0.503 0.497 0.435 0.473 0.443 0.322 0.519 0.486 0.469 0.470 0.493 0.484
0.472 0.444 0.433 0.449 0.443 0.473 0.403 0.500 0.479 0.500 0.533 0.477 0.296 0.447 0.467 0.450 0.521 0.463 0.446
0.568 0.574 0.552 0.546 0.540 0.564 0.426 0.486 0.532 0.540 0.558 0.497 0.338 0.464 0.530 0.432 0.479 0.416 0.446
0.531 0.528 0.506 0.451 0.524 0.530 0.421 0.440 0.483 0.515 0.494 0.463 0.280 0.416 0.463 0.385 0.389 0.384 0.396
0.524 0.476 0.491 0.463 0.491 0.578 0.526 0.467 0.503 0.536 0.553 0.458 0.271 0.462 0.517 0.390 0.512 0.433 0.418
0.481 0.479 0.484 0.423 0.467 0.546 0.490 0.521 0.515 0.476 0.472 0.487 0.308 0.429 0.476 0.431 0.469 0.514 0.474
0.519 0.546 0.554 0.509 0.494 0.629 0.521 0.468 0.471 0.522 0.481 0.487 0.231 0.472 0.494 0.403 0.468 0.462 0.453
0.278 0.320 0.340 0.270 0.272 0.340 0.275 0.338 0.333 0.349 0.359 0.372 0.308 0.340 0.325 0.328 0.299 0.400 0.372
0.546 0.475 0.481 0.544 0.509 0.544 0.448 0.482 0.521 0.519 0.516 0.533 0.255 0.469 0.482 0.445 0.447 0.511 0.422
0.450 0.429 0.443 0.471 0.419 0.444 0.408 0.356 0.400 0.410 0.386 0.436 0.297 0.441 0.447 0.475 0.418 0.416 0.390
0.399 0.397 0.416 0.448 0.443 0.426 0.410 0.476 0.495 0.427 0.422 0.443 0.293 0.463 0.451 0.392 0.403 0.351 0.387
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Table 4.6 continued

27 20
38 4
38 7
38 9
38 16
47 4
47 5
47 14
47 16
47 18
82 3
82 6
82 10
82 19
82 20
99 1
99 2
99 3
99 4
99 18
109 1
Verm

38 4 38 7 38 9 38 16 47 4 47 5 47 14 47 16 47 18 82 3 82 6 82 10 82 19 82 20 99 1 99 2 99 3 99 4 99 18 109 1 Verm
1.000
0.731
0.619
0.657
0.579
0.527
0.549
0.523
0.547
0.541
0.484
0.446
0.427
0.439
0.409
0.483
0.424
0.328
0.421
0.379
0.394

1.000
0.623
0.742
0.593
0.572
0.522
0.590
0.626
0.583
0.493
0.463
0.483
0.457
0.452
0.493
0.482
0.412
0.438
0.406
0.392

1.000
0.645
0.519
0.510
0.506
0.450
0.519
0.563
0.478
0.416
0.355
0.444
0.388
0.395
0.401
0.316
0.315
0.323
0.432

1.000
0.660
0.553
0.544
0.601
0.561
0.574
0.539
0.488
0.444
0.430
0.470
0.500
0.520
0.373
0.458
0.382
0.428

1.000
0.633
0.654
0.683
0.576
0.598
0.584
0.521
0.506
0.464
0.503
0.506
0.432
0.326
0.503
0.428
0.451

1.000
0.669
0.664
0.631
0.571
0.526
0.494
0.460
0.500
0.440
0.459
0.404
0.350
0.446
0.435
0.417

1.000
0.750
0.633
0.605
0.565
0.585
0.538
0.480
0.459
0.469
0.388
0.315
0.457
0.374
0.500

1.000
0.715
0.625
0.646
0.584
0.532
0.497
0.482
0.494
0.429
0.360
0.481
0.405
0.465

1.000
0.636
0.573
0.529
0.564
0.538
0.485
0.452
0.442
0.386
0.396
0.384
0.444

1.000
0.566
0.525
0.530
0.515
0.500
0.549
0.442
0.362
0.473
0.429
0.429

1.000
0.564
0.440
0.418
0.382
0.430
0.429
0.400
0.375
0.424
0.448
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1.000
0.474
0.435
0.489
0.596
0.429
0.356
0.479
0.349
0.366

1.000
0.566
0.519
0.475
0.446
0.368
0.407
0.359
0.391

1.000
0.503
0.424
0.459
0.262
0.411
0.363
0.410

1.000
0.579
0.550
0.295
0.516
0.386
0.369

1.000
0.566
0.366
0.510
0.366
0.330

1.000
0.311
0.599
0.550
0.395

1.000
0.236 1.000
0.227 0.594 1.000
0.221 0.385 0.364 1.000

Arrows on the figures represent the seven genotypes selected in cycle 3 for improved seed production

Figure 4.7. Cluster analysis of 40 S. alterniflora cycle 2 plants and Vermilion
based on evaluation of AFLP data.
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In order to explore the relationship among genotypes with a similar origin,
Jaccard distances were estimated within each accession and among accessions
from the same geographic location (Table 4.7). For this analysis five genotypes
were used from accessions 98NR 7, 98NR 8, 98NR 26, 98NR 27, 98NR 47,
98NR 82, 98NR 99; four genotypes from accession 98NR 38 and a single
genotypes from accession 98NR 109.
Table 4.7. Jaccard distances among sampled Spartina alterniflora genotypes
(within and among accessions) from five locations in Louisiana.
Accession

Location

Distance between
accessions

98NR 7

Distance among
genotypes
0.69

98NR 8

0.64

Lafourche

0.56

98NR 26

0.60

98NR 82

0.52

Cameron

0.52

98NR 47

0.65

98NR 38

0.67

Vermillion

Single accession

98NR 27

0.53

Terrebonne

0.46

98NR 109

Single genotype

98NR 99

0.54

Jefferson

Single accession

These results indicated that, for some accessions, the variability among
plants within the accession was as large as the maximum variability estimated for
the accessions. Accessions 98NR 27, 98NR 82, and 98NR 99 had larger
distances among plants within the accession, compared with accessions 98NR
38 and 98NR 7. Accession 98NR 7 had the lowest distances among plants within
an accession, including the least differentiated pair of plants from an accession
(plants 98NR 7-14L and 98NR 7-15L), as shown in Figure 4.6 and Figure 4.7. It
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appears that results of the cluster analysis based on the molecular data reflected
to a certain extent the geographical origins and genetic differences among the
accessions. These results agree with the results support previous finding of a
positive relationship between genetic and geographic distance among
populations of S. alterniflora (Stiller and Denton, 1995; O’Brien and Freshwater,
1999; Travis et al., 2002).
The AFLP technique has been used to access the genetic diversity of
different crops, Helianthus annuus (Hogtrakul et al., 1997), winter wheat (Bohn
et al.,1999), rice (Zhu et al., 1998) sweet potatoes (Fajardo et al.,2002) and wild
potatoes (McGregor et al. 2002). Information on genetic diversity or genetic
similarity in Spartina is gradually being accumulated, but most of the research on
Spartina used the RAPD techniques (Stiller and Denton 1995; Daehler and
Strong 1997; O’Brien and Freshwater 1999; Ayres and Strong 2001, Baumel et
al. 2003). Currently, only two papers have been published on the use of AFLP
techniques to assess genetic diversity of S. alterniflora (Travis et al., 2002;
Perkins et al., 2002).
As in other DNA molecular marker techniques, reproducibility is one of the
most important concerns. Two techniques were used, RAPD and AFLP. While
RAPDs are highly sensitive to PCR conditions, they have been shown to be
reliable, with proper control, for genotype fingerprinting (Scott et al., 1992). In the
case of AFLP, our results showed that reliability and reproducibility can be high
with the proper primer selection and optimization of the amplification conditions.
Four samples were repeated and no variations in major bands were detected
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between DNA fingerprints from repeat runs, even though the intensity of some
bands differed.
The dendrograms graphically show relatedness between genotypes
included in this research. The two dendrograms generated with RAPD and AFLP
show the same patter of grouping, although AFLP was more precise, as reported
by Nakajima et al. 1998 in Daucus varieties. Two differentiable clusters were
identified for genotypes from contiguous parishes Lafourche-Terrebonne and
Cameron-Vermilion.
The dendrogram based on AFLP was basically the same as that based on
RAPD. Thus, this research demonstrates that not only RAPD analysis, that has
been previously used, but also AFLP analysis is a suitable method for estimating
the genetic variation in S. alterniflora. Both AFLP and RAPD are sufficiently
reliable to represent the genetic diversity among S. alterniflora genotypes despite
minor differences observed between dendrograms from each data set. According
to Travis et al., (2002) the diversity of S. alterniflora may be maintainned among
adjacent populations in sites where they have been used for restoration.
4.3.3 Comparison of Morphological and Molecular Data
A finding that can be highlighted from Figure 4.7 in the previous chapter
relates to seven genotypes, namely 98NR7-00BH-12, 98NR8-00BH-5, 98NR2600BH-18, 98NR27-00BH-13, 98NR47-00BH-16, 98NR82-00BH-19, and 98NR9900BH-3, which were also selected for use in the genetic improvement program
based on plant growth and reproductive data. The data revealed that these
genotypes had superior characteristics for seed based plant establishment.
Figure 4.7 shows that genotypes selected based on growth characteristics are
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genetically diverse as identified by the clustering pattern of the molecular data.
These results demonstrate that genetic diversity can be achieved and maintained
through the selected genotypes. These genotypes can be used for marsh
restoration and still provide sufficient genetic diversity. The existence of
sufficient genetic diversity is essential for long term viability of restored
populations (Ayres and Strong, 2001; Travis et al., 2000). Perkins et al. (2002)
demonstrated that the used of molecular markers could be used to quickly and
reproducibly generate genetic profiles of individual plants to understand the
structure of S. alterniflora communities. This will enable the future evaluation of
accessions with superior characteristics for seed-based plant establishment.
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CHAPTER 5
SUMMARY AND CONCLUSIONS

Stabilization and restoration of eroding coastal marshland requires
indigenous pioneer species to establish quickly. Smooth cordgrass (Spartina
alterniflora), a perennial native grass species, is an ideal plant for stabilization
because its spreads rapidly by rhizomes, and tolerates a wide range of salinity.
However, the high cost of vegetative establishment of this species is prohibitive
and seed-derived populations of S. alterniflora are not available. This research
was initiated to develop improved S. alterniflora populations, from native
accessions, that will establish quickly from seed and greatly accelerate coastal
restoration projects. Plants with superior seed producing ability and vegetative
characteristics were identified. Characteristics that expedite this establishment
process, such as seed germination, seedling vigor, root mass, fast spread, and
tolerance to abiotic and biotic stresses, were quantified and emphasized in this
research effort.
One hundred and twenty-six native accessions of S. alterniflora, from
South Louisiana, were characterized based on collection site, date of collection,
seed weight and percent seed germination. The result revealed no correlation
between germination rate and collection site or date of collection, but there was a
significant positive correlation between seed weight and percent germination.
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Differences in seed weight percent seed germination were observed among the
accessions. Considerable natural variation was found among these original
native accessions for traits contributing to plant establishment from seed. Date of
collection contributed to the overall variation among accessions, reflecting
differences in maturity at the time of collection.
Superior plants were selected from native accessions with the desired
seed reproductive and vegetative characteristics. The results of the analysis of
these selected plants revealed that plants selected from accessions with superior
seed germination rates also showed significant differences for all other traits
evaluated. Positive correlations were found among all vegetative traits
representing plant growth. Conversely, negative correlations between growth
traits and rust reaction were observed. Late flowering accessions were
associated with increased spread and tiller density, but not with the other traits.
Flowering in Louisiana begins in early July and ends by the middle of October.
Usually the seed matures by late November and begins shattering from the
plants. Our results showed that seed set, kernel weight, and seed viability were
positively related to flowering date. Kernel weight, flowering date, and seed
weight/panicle, were positively correlated with seed set. Two field investigations,
at Baton Rouge and Grande Terre, Louisiana, showed that seed set varied
greatly both within and among accessions The average seed set at Baton Rouge
was 47% and ranged from 0 to 94%. The average seed set across selected
genotypes at Grand Terre Island was 51%, ranging from 7 to 83%. The mean
percent germination was 43% with a range of 3 to 89%. Compared to the mean
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germination rate (20%) of the original 126 native accessions, these results
demonstrate an important increase in seed germination rate.
Biplot analysis was used to characterize selected accessions and to group
those with increased vegetative growth and reduced rust reaction. Cluster
analysis of accessions evaluated for growth traits was used to verify that
selections originated from collections sites representing by different clusters.
Since maintaining maximum genetic diversity in any developed population is a
high priority, this verification was a necessary procedure.
Forty genotypes from seven accessions, with improved seed production
and seed germination rates, were identified. The maximum observed
germination rate among these genotypes was 96% with a mean germination rate
of 60% .This result compares favorably with the original observed germination
rates (0 t0 57%) for the seed collected from native populations. This valuable
genetic material will be increased to produce a S. alterniflora population than can
be readily established from seed.
To further characterize these genotypes, phylogenetic analysis, using
RAPD and AFLP technology was carried out. Fourteen RAPD primers and 26
AFLP primers were used to differentiate these genotypes. Using RAPD analysis,
a total of 201 DNA fragments were amplified from the genomic DNA. Of these,
176 fragments were polymorphic. For AFLP analysis, a total of 2430 DNA
fragments were amplified from the genomic DNA. Of these 708 were
polymorphic. The genetic similarity computed from RAPD and AFLP data, using
Jaccard’s (1908) formula, ranged from 22% to 89%, indicating a high level of
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genetic diversity. Dendrograms were also constructed to identify the genetic
similarities among these genotypes. This research pioneered the use of AFLP
technology for genetic analysis in Spartina alterniflora.
Results indicated that there was significant genetic variation for all of the
traits evaluated among these genotypes, based on collection site of the parental
native accession. The differences observed in clustering pattern indicated that
the use of molecular markers was an effective means to assess genetic diversity.
This is one phase of a long-term research effort to develop genetically
diverse populations of S. alterniflora that will produce high quality seed and
establish quickly from seed. Given the high rate of loss for coastal wetlands in
Louisiana, it is imperative that these efforts continue. The techniques developed
and described in this research with S. alterniflora may also be useful for other
coastal wetland plant species. It is our hope that we can help to protect this
important ecological resource for future generations.
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APPENDIX :
COLLECTION DATA AND SOLUTIONS FOR DNA ISOLATION
Appendix 3.1: Date of collection, parish of collection and geographical
distribution of S. alterniflora 126 accessions collected across South Louisiana
during 1998.

Accession
Number

Collection
Date

Field Collection
(Parish)

98NR1
98NR2
98NR3
98NR4
98NR5
98NR6
98NR7
98NR8
98NR9
98NR10
98NR11
98NR12
98NR13
98NR14
98NR15
98NR16
98NR17
98NR18
98NR19
98NR20
98NR21
98NR22
98NR23
98NR24
98NR25
98NR26
98NR27
98NR28
98NR29
98NR30
98NR31
98NR32

11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
11/12/1998
10/29/1998
10/29/1998
10/27/1998
10/27/1998
10/29/1998
11/23/1998
11/23/1998
11/24/1998
11/13/1998
11/24/1998
11/23/1998
11/23/1998
11/23/1998
11/18/1998
11/24/1998
11/16/1998
11/19/1998
11/18/1998
11/18/1998
11/18/1998
11/18/1998
11/24/1998

Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Lafourche
Plaquemines
Plaquemines
St. Tammany
St. Tammany
Plaquemines
Lafourche
Lafourche
St. Bernard
Jefferson
Orleans
Lafourche
Lafourche
Lafourche
Terrebonne
Orleans
Lafourche
Terrebonne
Jefferson
Lafourche
Lafourche
Jefferson
St. Bernard

Latitude

Longitude

29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 26’ 57.0”N
29 o 24’ 24.1”N
29 o 23’ 39.1”N
30 o 10’ 23.6”N
30 o 09’ 45.2”N
29 o 34’ 40.5”N
29 o 27’ 44.0”N
29 o 25’ 24.1”N
29 o 59’ 20.6”N
29 o 32’ 21.3”N
30 o 01’ 27.1”N
29 o 26’ 38.4”N
29 o 20’ 33.0”N
29 o 15’ 07.8”N
29 o 18’ 16.8”N
30 o 02’ 41.1”N
29 o 04’ 03.6”N
29 o 03’ 55.3”N
29 o 11’ 22.8”N
29 o 07’ 09.4”N
29 o 19’ 24.3”N
29 o 12’ 15.1”N
29 o 59’ 06.9”N

90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
90o 16' 03.5''W
80o 46' 15.1''W
89o 40' 13.7''W
89o 40' 25.2''W
89o 37' 43.4''W
89o 43' 5.4''W
90o 23' 48.4''W
90o 22' 56.4''W
89o 55' 35.9''W
90o 3' 11.3''W
89o 44' 10.0''W
90o 21' 19.0''W
90o 18' 55.0''W
90o 15' 9.3''W
91o 2' 18.5''W
89o 49’ 25.2''W
90 o 19’ 34.7”W
90 o 28’ 44.5”W
90 o 04’ 56.8”W
90 o 09’ 40.7”W
90 o 14’ 23.7”W
90 o 03’ 23.5”W
89 o 52’ 51.3”W

Continued
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Accession
Number

Collection
Date

Field Collection
Location
(Parish)

98NR33
98NR34
98NR35
98NR36
98NR37
98NR38
98NR39
98NR40
98NR41
98NR42
98NR43
98NR44
98NR45
98NR46
98NR47
98NR48
98NR49
98NR50
98NR51
98NR52
98NR53
98NR54
98NR55
98NR56
98NR57
98NR58
98NR59
98NR60
98NR61
98NR62
98NR63
98NR64

11/24/1998
11/18/1998
11/18/1998
11/23/1998
11/13/1998
11/24/1998
11/25/1998
11/25/1998
11/20/1998
11/25/1998
11/24/1998
11/23/1998
11/24/1998
11/20/1998
11/24/1998
11/23/1998
11/24/1998
11/25/1998
11/30/1998
11/27/1998
11/30/1998
11/25/1998
11/30/1998
11/30/1998
11/30/1998
11/30/1998
11/27/1998
11/30/1998
11/25/1998
11/30/1998
11/27/1998
11/25/1998

St. Bernard
Lafourche
Lafourche
Lafourche
Lafourche
Vermilion
Calcasieu
Calcasieu
Cameron
Calcasieu
Vermilion
Cameron
Vermilion
Cameron
Cameron
Cameron
Cameron
Calcasieu
Vermilion
Cameron
Vermilion
Calcasieu
Iberia
Vermilion
Vermilion
Vermilion
Cameron
Iberia
Calcasieu
Vermilion
Cameron
Calcasieu

Latitude

Longitude

29 o 57’ 20.0”N
29 o 14’ 12.6”N
29 o 05’ 55.7”N
29 o 30’ 20.5”N
29 o 28’ 53.1”N
29 o 39’ 12.6”N
30 o 03’ 47.8”N
30 o 05’ 02.5”N
29 o 46’ 36.0”N
30 o 13’ 09.4”N
29 o 35’ 06.9”N
29 o 43’ 08.1”N
29 o 34’ 27.1”N
29 o 48’ 56.3”N
29 o 41’ 01.8”N
29 o 46’ 00.5”N
29 o 42’ 13.2”N
30 o 11’ 07.2”N
29 o 37’ 55.4”N
29 o 43’ 54.3”N
29 o 40’ 30.9”N
30 o 10’ 14.2”N
29 o 35’ 47.5”N
29 o 37’ 06.3”N
29 o 46’ 41.4”N
29 o 37’ 09.9”N
29 o 46’ 10.7”N
29 o 35’ 41.8”N
30 o 03’ 58.9”N
29 o 36’ 26.5”N
29 o 43’ 30.9”N
30 o 08’ 27.0”N

89 o 43’ 57.2”W
90 o 12’ 36.7”W
90 o 11’ 46.9”W
90 o 25’ 06.3”W
90 o 14 47.2”W
92 o 31’ 20.4”W
93 o 19’ 08.2”W
93 o 20’ 51.5”W
93 o 20’ 28.5”W
93 o 14’ 32.0”W
92 o 32’ 00.2”W
93 o 51’ 14.3”W
92 o 30’ 15.7”W
93 o 20’ 40.0”W
92 o 47’ 41.7”W
93 o 53’ 08.8”W
92 o 45’ 54.9”W
93 o 18’ 27.9”W
92 o 02’ 23.4”W
93 o 00’ 28.8”W
92 o 08’ 27.6”W
93 o 17’ 54.2”W
92 o 00’ 32.6”W
92 o 06’ 45.2”W
92 o 09’ 27.1”W
92 o 04’ 03.3”W
93 o 03’ 26.7”W
92 o 00’ 24.8”W
93 o 19’ 46.7”W
92 o 05’ 58.5”W
92 o 58’ 22.8”W
93 o 18’ 51.5”W

Continued

140

Accession
Number

Collection
Date

Field Collection
Location
(Parish)

98NR65
98NR66
98NR67
98NR68
98NR69
98NR70
98NR71
98NR72
98NR73
98NR74
98NR75
98NR76
98NR77
98NR78
98NR79
98NR80
98NR81
98NR82
98NR83
98NR84
98NR85
98NR86
98NR87
98NR88
98NR89
98NR90
98NR91
98NR92
98NR93
98NR94
98NR95
98NR96

11/30/1998
11/23/1998
11/25/1998
11/25/1998
11/23/1998
11/25/1998
11/25/1998
11/25/1998
11/25/1998
11/25/1998
11/23/1998
11/20/1998
11/23/1998
11/20/1998
11/23/1998
11/23/1998
11/24/1998
11/24/1998
11/20/1998
11/20/1998
11/20/1998
11/24/1998
11/20/1998
11/23/1998
11/23/1998
11/20/1998
11/20/1998
11/23/1998
11/24/1998
11/24/1998
12/10/1998
12/10/1998

Vermilion
Cameron
Calcasieu
Calcasieu
Cameron
Calcasieu
Calcasieu
Calcasieu
Calcasieu
Calcasieu
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron
Terrebonne
Terrebonne

Latitude

Longitude

29 o 35’ 35.7”N
29 o 51’ 54.3”N
30 o 08’ 55.6”N
30 o 07’ 43.5”N
29 o 52’ 48.2”N
30 o 05’ 32.5”N
30 o 08’ 53.0”N
30 o 03’ 17.4”N
30 o 03’ 29.7”N
30 o 05’ 46.2”N
29 o 54’ 37.7”N
29 o 46’ 23.5”N
29 o 52’ 53.2”N
29 o 46’ 35.4”N
29 o 46’ 09.6”N
29 o 55’ 16.4”N
29 o 39’ 18.7”N
29 o 39’ 01.8”N
29 o 49’ 12.8”N
29 o 45’ 53.7”N
29 o 45’ 53.3”N
29 o 42’ 43.4”N
29 o 46’ 44.2”N
29 o 46’ 48.9”N
30 o 00’ 21.4”N
29 o 45’ 44.4”N
29 o 49’ 06.1”N
29 o 50’ 59.3”N
29 o 40’ 17.7”N
29 o 38’ 59.4”N
29 o 17’ 13.4”N
29 o 10’ 29.7”N

92 o 03’ 08.2”W
93 o 26’ 54.7”W
93 o 19’ 51.9”W
93 o 20’ 21.9”W
93 o 25’ 30.3”W
93 o 17’ 52.8”W
93 o 19’ 51.5”W
93 o 18’ 26.0”W
93 o 22’ 04.8”W
93 o 21’ 48.6”W
93 o 22’ 57.4”W
92 o 57’ 29.0”W
93 o 24’ 20.5”W
93 o 20’ 27.7”W
92 o 53’ 48.4”W
93 o 22’ 53.5”W
92 o 46’ 54.2”W
92 o 45’ 42.6”W
93 o 20’ 14.1”W
93 o 00’ 34.5”W
93 o 00’ 31.0”W
92 o 45’ 56.5”W
93 o 08’ 00.7”W
93 o 53’ 47.3”W
93 o 20’ 36.8”W
93 o 07’ 27.3”W
93 o 20’ 48.2”W
93 o 23’ 18.0”W
92 o 45’ 50.8”W
92 o 45’ 50.1”W
90 o 52’ 46.5”W
90 o 56’ 38.7”W

Continued
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Accession
Number

Collection
Date

Field Collection
(Parish)

98NR97
98NR98
98NR99
98NR100
98NR101
98NR102
98NR103
98NR104
98NR105
98NR106
98NR107
98NR108
98NR109
98NR110
98NR111
98NR112
98NR113
98NR114
98NR115
98NR116
98NR117
98NR118
98NR119
98NR120
98NR121
98NR122
98NR123
98NR124
98NR125
98NR126

12/10/1998
12/10/1998
12/4/1998
12/4/1998
12/4/1998
12/3/1998
12/3/1998
12/4/1998
12/3/1998
12/7/1998
12/4/1998
11/3/1998
12/7/1998
12/3/1998
12/7/1998
12/7/1998
12/7/1998
12/7/1998
12/10/1998
12/10/1998
12/7/1998
12/14/1998
12/14/1998
12/14/1998
12/2/1998
12/2/1998
12/2/1998
12/2/1998
12/2/1998
12/2/1998

Terrebonne
Terrebonne
Jefferson
Jefferson
Jefferson
Jefferson
Jefferson
Jefferson
Lafourche
Terrebonne
Jefferson
Plaquemines
Terrebonne
Jefferson
Terrebonne
Terrebonne
Terrebonne
Terrebonne
Terrebonne
Terrebonne
Terrebonne
St. Bernard
St. Bernard
St. Bernard
Cameron
Cameron
Cameron
Cameron
Cameron
Cameron

Latitude

Longitude

29 o 17’ 29.0”N
29 o 16’ 39.4”N
29 o 34’ 33.7”N
29 o 38’ 39.5”N
29 o 29’ 39.0”N
29 o 19’ 01.7”N
29 o 21’ 24.3”N
29 o 32’ 35.1”N
29 o 18’ 20.5”N
29 o 05’ 28.1”N
29 o 37’ 32.9”N
29 o 18’ 53.8”N
29 o 03’ 28.3”N
29 o 15’ 22.6”N
29 o 13’ 56.0”N
29 o 03’ 12.1”N
29 o 04’ 15.7”N
29 o 08’ 19.1”N
29 o 13’ 57.2”N
29 o 12’ 13.8”N
29 o 11’ 23.2”N
29 o 45’ 19.4”N
29 o 44’ 23.4”N
29 o 51’ 31.0”N
29 o 51’ 48.8”N
29 o 52’ 37.7”N
29 o 50’ 53.8”N
29 o 51’ 23.2”N
29 o 51’ 12.6”N
29 o 51’ 18.0”N

90 o 46’ 02.7”W
90 o 55’ 52.9”W
90 o 03’ 23.4”W
90 o 05’ 36.5”W
90 o 01’ 27.4”W
89 o 59’ 01.1”W
89 o 59’ 07.8”W
90 o 02’ 11.8”W
89 o 57’ 31.8”W
90 o 35’ 20.8”W
90 o 05’ 20.0”W
89 o 54’ 19.1”W
90 o 42’ 20.9”W
89 o 56’ 29.9”W
90 o 39’ 53.4”W
90 o 56’ 23.9”W
90 o 38’ 14.4”W
90 o 38’ 56.9”W
91 o 00’ 51.3”W
90 o 53’ 44.1”W
90 o 38’ 54.9”W
89 o 29’ 20.1”W
89 o 28’ 19.3”W
89 o 40’ 32.9”W
93 o 14’ 09.1”W
93 o 14’ 09.9”W
93 o 14’ 49.8”W
93 o 13’ 01.3”W
93 o 11’ 42.1”W
93 o 09’ 40.7”W
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Appendix 4.1.Solutions used for DNA isolation
DNA Extraction Buffer
Trizma base (Tris)

MW=121.1

12.11 g

NaCl

MW=58.4

29.22 g

EDTA (anhydrous)

MW=292.2

14.60 g

SDS

MW=288.4

12.5 g

Sodium bisulphate

3.8 g

Dissolve the first three reagents in 1000 ml of nanopure water, sterilize by
autoclaving. Then add SDS slowly and stirring while the solution is still hot. Cool
the solution and adjust the pH to 8.0. Add sodium bisulphate before use.
5M potassium acetate
K-Acetate

MW 98.2

490.75 g.

Dissolve the K-acetate in approx. 500 ml distilled water then complete to 1000
ml. Sterilize by autoclaving.
TE Buffer pH 8.0
Tris (10mM)

MW 121.10

EDTA (disodium, dehydrated) (1mM)

MW 372.24

1.21 g
0.372 g

Dissolve in 1000ml distilled water, adjust the pH to8.0. . Sterilize by autoclaving
3M Sodium Acetate pH 5.2
Na-Acetate ( Dihydrate)

MW 136

408.24 g

Dissolve in approx. 500 ml distilled water; adjust pH to 5.2 using Acetic Acid.
Then complete to 1000 ml. Sterilize by autoclaving.
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